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SODIUM-FREE SEAS 


: 
NEOCURTASAL 
a ‘This salt | 
Pot 
J 
pane 4 
NING. 
INC. 
Ky 


for arterial hyper/EWS/ON 


RELAXATION 


THEOMINAL and LUMINAL, 
trademarks reg. 
U.S. Pat. Off. & Canada 


Teaching patients how to relax is a primary consideration in the 
management of arterial hypertension. In many instances this is 
not a simple task, but it can often be made easier by 
supplementing common sense instructions with Theominal. This 
slow-acting vasodilator sedative helps to bring about a gradual 
reduction of blood pressure and through its gentle sedative 
effect reinforces relaxation. 


DOSAGE: The customary dose of Theominal is 1 tablet two or three 
times daily; when improvement sets in, the dose may be reduced. 
Each tablet contains theobromine 5 grains and Luminal 2 grain. 


SUPPLIED IN BOTTLES OF 25, 100 AND 500 TABLETS 


we 


New York 13, N. Y. WINDSOR, ONT. 


The businesses formerly conducted by Winthrop Chemical Company, Inc. 
and Frederick Stearns & Company are now owned by Winthrop-Stearns Inc. 
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CONT TS 
The American Journal of Medicine 


Vor.IV JANUARY, 1948 No. 1 


Editorial 
BAL, (British Anti-Lewisite) . . i. . 


Clinical Studies 


Effects of Immobilization upon Various Metabolic and Physiologic Functions of 
Normal Men . Joun E. Deirrick, G. DONALD WHEDON AND EPHRAIM SHORR 
An extensive investigation of metabolic and physiologic effects observed in four normal young men 
immobilized in bed with plaster casts extending from umbilicus to toes. Data on nitrogen, calcium, 
phosphorus, total sulfur, sodium and potassium balances, together with other measurements of 
interest carried out under rigidly controlled conditions, are given in detail. The whole constitutes a 
basic study with many important implications concerning the effects of bed rest. 


Experiences in the Management of Subacute Bacterial Endocarditis Treated with 
Penicillin . . . .  . A. TumuLtty A. McGEHEE HARVEY 


An analysis of the results of penicillin therapy in thirty-five patients with subacute bacterial endo- 
carditis, with a thoughtful and detailed discussion of the present status of the subject. 


Effect of Penicillin on the Bacteremia Following Dental Extraction 

Rospert J. GLASER, ARNOLD DANKNER, SYDNEY B. MATHEs and Cart G. HARFoRD 
A detailed and interesting discussion of the problem of bacteremia following dental extraction, 
with extensive bacteriologic studies. It was found that prophylactic penicillin reduced the inci- 
dence of bacteremia, notably in subjects with infected gums, but failed to prevent it in many Cases. 


Sulfonamide Therapy of Subacute Bacterial Endocarditis 
JosePpH SCHEIN and GEORGE BAEHR 
Of eighty-one patients with subacute bacterial endocarditis treated in the pre-penicillin era with 
sulfonamides, eight (9.8 per cent) were cured. The results, apart from their historic interest, suggest 
a trial of sulfonamides in cases resistant to adequate penicillin and streptomycin therapy. 


Use of Radioactive Sodium as a Guide to the Efficacy of Drugs Used in Treatment of 
Diseases of the Peripheral Vascular System. Preliminary Report 
Istpor Murson, Epirnh H. Quimpy and BEVERLY C. SMITH 
The rate of diffusion of radioactive sodium in an affected limb before and after vasodilators was 
employed to study their efficacy in peripheral vascular disease. Histamine administered by ionto- 
phoresis or by intra-arterial injection was found to be more effective than papaverine or 5 per cent 
sodium chloride solution. Intra-arterial infusion of histamine, dropwise, directly into the femoral 
artery, is a new technic which appears to be of value. 


Contents continued on page 5 
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Undigested fat in stool 


One of the chief causes of distress 

in liver, gallbladder and _ bile 

tract disturbances is impaired 

fat digestion, resulting in flatulence, upper abdominal discomfort, 
steatorrhea, constipation and related symptoms. 


Of considerable importance also is the interference with absorption 

and utilization of iron, calcium, and fat-soluble vitamins—D, E, K 
and Carotene—leading to well-known deficiencies in these essen- 
tial dietary factors. 


Degalol—chemically pure deoxycholic acid—provides Nature’s 
emulsifier to facilitate fat digestion and absorption. 


In the presence of lipase (which is rarely absent), one or two 
tablets of Degalol t.i.d. usually suffice to reduce appreciably 
the symptoms of impaired fat digestion and to allow for ab- 

sorption of ingested fat-soluble vitamins. 


Supplied in tablets of 
114 gr., boxes of 100. 


U.$.PAT. OFF. 


AMES COMPANY, Ine. 
ELKHART, INDIANA 
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Contents continued from page 3 


Hypertensive Vascular Disease. Duration of Life in a Selected Series 
Davip W. BLoop and GeorcEe A. PERERA 
A study of fifty hypertensive patients whose course, followed at least ten years, was “benign.” The 
authors stress the need for more valid data concerning the natural history of hypertension in order 
to evaluate the indications for and results of sympathectomy and other surgical procedures. 


Review 


A lucid discussion of the classification, clinical features, dieaniite and management of coronary 
insufficiency. Special consideration is given to the use and limitations of the anoxemia test and to 
the use and abuse of early ambulation in the management of coronary heart disease. 


Seminars on Hypertension 


Experimental Renal Hypertension . . . Harry GOLDBLATT 
A critical analysis of the methods employed and ohn denne involved in experimentally produced 
renal hypertension, with comments on the implications regarding the mechanisms (particularly 
renal mechanisms) of essential hypertension in man. Dr. Goldblatt’s authoritative review serves 
as a superb introduction to the Seminars on Hypertension to follow. 

Participation of Hepatorenal Vasotropic Factors in Experimental Renal Hypertension 

EPHRAIM SHORR 
Dr. Shorr has summarized here his impressive evidence for the réle of VEM and VDM as factors 
in experimental renal hypertension and in essential hypertension in man. These studies open up a 
new field of research in the mechanisms of hypertension. 


Conference on Therapy 


Uses of Streptomycin 
Conferences on Therapy (Cornell Valnedeite Medical College)—The nanan brings out cur- 
rent views concerning the indications for streptomycin, its preferred modes of administration, its 
toxic side effects and related topics. Of special interest are the remarks on tuberculosis. 


Clinico-pathologic Conference 


Rheumatic Heart Disease, Bacterial Endocarditis and Cardiac Failure 
Clinico-pathologic Conference (Washington University School of Medicine)—This case high- 
lights an increasingly common problem in the apparently successful treatment of subacute bac- 
terial endocarditis with penicillin. 


Case Report 


Infectious Mononucleosis with Severe Central Nervous System Involvement 
W. FIELD 
An instructive case report. 


Book Review . 
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General Information 


THE AMERICAN JOURNAL OF MEDICINE 
extends an invitation to the profession for 
original releases on clinical investigations, 
clinical reviews, case reports and articles 
designed for postgraduate teaching. 

Articles are accepted for publication with 
the understanding that they are original con- 
tributions never previously published. All 
manuscripts are subject to editorial modifi- 
cation, and upon acceptance become the 
property of THE AMERICAN JOURNAL OF 
MEDICINE. 

THE AMERICAN JOURNAL OF MEDICINE 
does not hold itself responsible for any 
statement made or opinions expressed by 
any contributor in any article published in 
its columns. 


PREPARATION 


Text. Manuscripts are to be typewritten 
on one side of the paper, with double spac- 
ing and good margins. The original should 
be sent to the editor and a carbon copy 
retained by the author. 


Illustrations. Illustrations must be in the 
form of glossy prints or drawings in black 
ink (never in blue). On the back of each 
illustration the figure number, author’s 
name and an indication of the top of the 
picture should be given. Legends for illus- 
trations are to be typewritten in a single list, 
with numbers corresponding to those on the 
photographs and drawings. Please do not 
attach legends to the pictures themselves. 


O-F 


~ A reasonable number of illustrations are 
supplied free of cost; special arraiugements 
must be made with the editor and publishers 
for excess illustrations and elaborate tables. 

Reprints are furnished on order. Prices 
are quoted on the first day of the month 
during which article appears. Individual 
reprints of an article must be obtained 
from the author. 

Material published in THE AMERICAN 
JOURNAL OF MEDICINE is copyrighted and 
may not be reproduced without permission 
of the publishers. 

Change of address must reach us by the 
15th of the month preceding month of issue. 


MANUSCRIPTS 


Bibliographies. Bibliographic references should 
be at the end of the manuscript and not 
in footnotes. Each reference should include 
the following information in the order in- 
dicated: Name of author with initials; title 
of article; name of periodical; volume, page 
and year. The following may be used as a 
model: 


Bancrort, F. W., STANLEY-BRown, M. and 
Quick, A. J. Postoperative thrombosis 
and embolism. Am 7. Surg., 26: 648, 
1945. 


The subscription price of THE AMERICAN JOURNAL OF 
MepicinE, is $10.00 per year in advance in the United 
States; $12.00 in Canada and Pan-American countries 
and $15.00 in foreign countries. Current single numbers 
$2.00. All Special Numbers $4.00. Prices for such back 
numbers as are available will be quoted on fequest. 


Address all correspondence to 


The American Journal of Medicine - 49 West 45th Street . New York 19 
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improving the blood picture: 


Vytinic 
with Folic Acid 


A new and improved oral 
hematinic which includes 
the dramatic advantages of 
folic acid. Conceived as a re- 
sult of professional demand, 
and well worth your trial. 


BRISTOL VYTINIC will supply: 
9 times M.D.R.* for IRON 
15 times M.D.R.* for VITAMIN B, 
3 times M.D.R.* for VITAMIN B, 


Niacinamide 


Fresh liver equivalent, in crude whole liver 
concentrate 


Folic Acid 


All these are contained in one tablespoonful 
t.i.d. of this new and distinctively palatable 
liquid hematinic. Why not send for a tasting 
sample today? 


BRISTOL VYTINIC is available for your 
prescription in bottles of 12 fluidounces; also 
in | gallon bottles. 


LABORATORIES INC. 


SYRACUSE, NEW YORK Minimum daily adult requirement 
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in weight reduction — 
new evidence of the 
efficacy of Dexedrine 


Excerpts from a recent study entitled, THE MECHANISM OF AMPHETAMINE- 
INDUCED LOSS OF WEIGHT: A Consideration of the Theory of Hunger and Appetite 
—by Harris, S. C.; Ivy, A. C., and Searle, L. M.: J. A. M. A. 134:1468 (Aug. 23) 1947. 


experiment 1. Does ‘Dexedrine’ Sulfate, by controlling appetite, 


decrease food intake and body weight in human subjects? 


ee 


results . . our obese subjects lost weight when placed 


on a diet which allowed them to eat all they wanted 


29 


three times a day... 


experiment 4. Does the rather prolonged administration of Dexedrine 


cause any evidence of disturbance of tissue functions? 


results ““No evidence of toxicity of the drug as employed in 
these studies was found . . . no evidence of deleterious 


effects of the drug was observed.”’ 


Dexedrine sulfate 


for (dextro-amphetamine sulfate, S.K.F.) Tablets Elixir 


control 


of appetite 


%* T.M. REG, U.S. PAT. OFF. 


in weight 


reduction 


Smith, Kline & French Laboratories, Philadelphia 
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the simple cough 


During winter months, simple cough—the result of minor irritations of the 
respiratory tract—reaches its highest incidence and crowds physicians’ 
waiting rooms with patients seeking relief. e Cough therapy is symptomatic 
and usually requires administration of a preparation which will control the 
cough and relieve congestion by promoting expectoration. e In such in- 
stances, many physicians are prescribing ‘Sedatole’ sedative expectorant 

.. a palatable, smooth, aromatic cough preparation which provides the 
sedative action of codeine sulfate, 1% gr. per fluidounce, together with wild 
cherry bark, sanguinaria, squill, balm of Gilead buds, diluted phosphoric 
acid and menthol. ¢ Well-liked by patients of all ages, ‘Sedatole’ sedative 
expectorant exerts a dependable anodyne and expectorant effect upon 
congested membranes of the trachea and bronchi. It lessens the paroxysms 
of coughing and relieves irritated, inflamed membranes by promoting 
expectoration. ¢ ‘Sedatole’ sedative expectorant is supplied in pint and 
gallon bottles. Sharp & Dohme, Philadelphia 1, Pa. 
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WOUNDS ULCERS 
LESIONS FISSURES 
ABSCESSES CYSTS 


by simple topical application 


Glycerite of Hydrogen Peroxide ipc 
Stable, long-acting, non-selective, 
bactericidal solution... 


. Possesses the mechanical advantages of liquid 
.and ointment types of medication . . . 


. Hygroscopic, penetrates into and 
draws plasma from deeper parts of wounds, 
washing particulate matter to the surface... 


. Aids granulation of healthy tissue and 
speeds healing progesses . . . 


. Non-toxic, non-irritating, non-sensitizing . . . 
Apply full strength as frequently as desired. 


Bibliography : CONSTITUENTS: 
New Eng. J.Med. 234:468, 1946. ae (90%) 
J. Invest. Derm. 8:11, 1947. 8- Hydroxyquinoline 0.1% 
Annals of Allergy 4:33, 1946. Especially prepare. -cerol ° 
Science 105:312, 1947. qs. ad. 120cc. 


J. Bacteriology Vol. 53, June, 1947. Supplied in four-ounce 2, te 
bottles . 


Literature on request. 


PAARMACEUTICAL CORPORATION 
132 Newbury Street, Boston 16, Massachusetts 
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Better Living by Design . 
2) 
orders Nutritional Prescription Specialties 
¥ 
4 
Better living:..better development and well- 
being ... require better nutrition. Borden's Pre- Y 
‘ scription Products arm the physician with the i 
i solution to practically all infant and many adult { I ee 
feedi i ! } 
‘a BIOLAC MULLSOY We 
A complete in- A hypoaller- Ee 
fant food—when genicemulsi- 
if ascorbic acid only is fied liquid soy food ~-o-4 if 
added—for optimum for patients allergic to i |: 
™ nutrition. Resembles milk, with nutritional 
human milk in nutri- factors approximating 
tional values and ease those in cow's’ milk 
: of digestibility Dilute 1:1 with water. 
\ DRYCO BETA-LACTOSE — 
wi Ideal for for- The natural car- \ 
\! mula flexibility bohydrate of \ ‘6 
| in infant feeding, with milk — five times more 
highprotein,lowfatand soluble than alpha lac- Ve 
intermediate carbohy- tose, and much more 
drate|content. May be palatable! Excellent \ : 
used with or without for formula modifica- 
added carbohydrates — tion for infants, and tor 
quickly soluble in cold corrective nutritional : 
¢ 
i 
| Sp GERILAC KLIM 
Powdered mad- Spray‘dried : a 
— 
ified milk for whole milk,withe 
special dietary uses — soft curd/ characteris: 
for well-tounded nutri- tics. Valuable in infant 
i tion in convalescence formulde, peptic ulcer i 
| and old age. Palatable and other special diets, | 
j and readily digestible and/an ideal replace- 
ail only water needed ment for inadequate.or 
i for dilution. uhsafe fresh milk. 
\\ The nutritional statements in this advertisement are accept: 
4 \ ‘\ able to the Council on Foods‘apd Nutrition of the A.M: A J 
\\) All drug stores carry orden Prescription | 
| ! ties. Further data sent to.physicians on réqhest. = 


- With Low Incidence of Side-effects 


Now available for prescription use is Thenylene 


Hydrochloride, Abbott’s new compound designed 
to counteract the effect of excessive histamine. 
Thenylene has already shown its value in exten- 
sive clinical tests. Compared with other anti- 
histaminics, it was reported by many patients to 
give greater relief, and to be better tolerated, with 
only occasional instances of drowsiness, dizziness 
or nausea. Good results were obtained in cases 
of allergic rhinitis, including hay fever; vasomotor 
rhinitis; acute and chronic urticaria; atopic der- 
matitis from penicillin or other drugs or allergens; 
and certain cases of asthma. While complete relief 


PROFESSIONAL SAMPLE and 
literature on Thenylene will 
be sent you upon request. 


cannot be expected from this symptomatic treat- 
ment in all cases, satisfactory results may be antic- 
ipated in a high percentage. @ Dosage depends 
upon the individual and the severity of symptoms, 
with the suggested adult dose either 50 or 100 mg. 
three to four times daily. Although no toxic reac- 
tions have been reported, it is not recommended 
that Thenylene be prescribed for more than eight 
weeks without interruption, or in larger amounts 
than 400 mg. per day. Thenylene is now available 
in sugar coated tablets of two sizes, 50 mg. and 
0.1 Gm. (100 mg.), both sizes ir: bottles of 100 
and 500. ABBorr Lasorartories, North Chicago, III. 


50-mg. and 0.1-Gm. tablets 
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| Ochloride, Abbott) 


In the endocrine ensemble, the corpus luteum hormone 


is instrumental in stimulating progestational 
development of the endometrium, 

inhibiting abnormal uterine motility and 
fostering normal estrogen metabolism. 
When deficiency evokes the discords 
—habitual abortion, dysmenorrhea, 
premenstrual tension, meno-metrorrhagia 


—harmony may be restored with 


‘PRANONE 


SCHERING’S ORALLY EFFECTIVE 
ANHYDROHYDROXY- PROGESTERONE 


DOSAGE: 
Habitual Abortion —Pranone* Tablets 10 to 25 mg. daily, 
increasing to 30 to 75 mg. during periods of “calculated 
menses” or stress; treatment should be continued 
into the sixth month of pregnancy. 


Dysmenorrhea— PRANONE 5 to 10 mg. once to three times 
daily for eight to ten days preceding onset of expected menses. 


Premenstrual Tension — PRANONE 10 mg. once or twice 
daily beginning 10 to 14 days before menses. 


Meno-metrorrhagia — PRANONE 10 mg. two to three times 
daily during the last half of the menstrual cycle, repeating 
the dosage during several successive cycles. 


For parenteral corpus luteum therapy PRoLUTON* — 
progesterone in oil—is available. 


PACKAGING: PRANONE Tablets of 5, 10, and 25 mg., in boxes 
of 20, 40, 100 and 250 tablets. PROLUTON in ampuls 
of 1, 2, 5 and 10 mg., in boxes of 3, 6 and 50 ampuls; 


multiple dose vials of 10 cc. containing 25 mg. per cc. 


*® 


CORPORATION+BLOOMFIELD, NEW JERSEY 


IN CANADA, SCHERING CORPORATION LTD., MONTREAL 
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The acute and oftentimes severe 
discomfort of many respiratory 
infections is quickly controlled by 
Dasin. Exerting analgesic, antipy- 
retic, and diaphoretic actions, Dasin 
alleviates muscular aches and pains, 
aids in lowering the temperature, and 
reduces hypersecretion from nasal and 
bronchial mucous glands. 
Each Dasin capsule provides: 
Dover's Powder gr. 
Aspirin 2 gr. 
Acetophenetidin 1% gr. 
Camphor - gr. 
Caffeine Ye gr. 
Atropine sulfate 1/500 gr. 
Dasin is valuable for obtaining relief in coryza, 
pharyngitis, and influenza. Each capsule is tightly 
sealed, hence the odor of camphor is not discernible. 


Average dose, 1 or 2 capsules every two to three 
hours. Available on prescription through all pharma- 
cies. Dasin is an exempt narcotic mixture. 


THE S. E. MASSENGILL COMPANY 
Bristol, Tenn.-Va. 
NEW YORK © SAN FRANCISCO * KANSAS CITY 


¥ 


G\ 
CLE 
6 
| 
A | 
fi 
SEY Co Ky 


Inject Metrazol intravenously in respiratory 
and circulatory emergencies, collapse, 
deep anesthesia, barbiturate poisoning 
and acute alcoholism. 


Metrazol Ampules 
| cc. and 3 cc. 


Tablets 

Oral Solution 
Sterile Solution 
Powder 


COUNCIL ACCEPTED 


Metrazol, T. M. reg. U. S. Pat. Off. 


Cardiovascular Medication 
(STRASENBURGH) 


Maxitate White — Relief for the 
hypertensive 


Maxitate Blue — Tranquillity for the 
MA X ] TAT E =" hypertensive 

TITINS Maxitate Pink Tranquillity for the 
hypertensive 


RHAMN OTI N Maxitate Violet — in angina 


DIGI TOX I N Maxitate Green — Prevention of hyper- 


tensive accidents 


AM I NO PHYLLI N Rutin Restores normal 


MET ROPI NE Rhamnotin. — Maintains capillary 


(Rutin & Vitamin ©) elasticity and strength 
Digitoxin _ Safety in digitalization 
Aminophyllin — _ Relief in cardiac asthma 


Metropine _ Relaxation in 
cardiospasm 


STRASENBURGH 


PHARMACEUTICAL CHEMISTS SINCE 1686 


Our Reputation Merits YOUR Confidence 


SERIES 1, 
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Streptomycin Experience Pointed The Way 
To This New, Improved Merck Form 


IT PROVIDES 


(1) increased purity 
(2) minimum pain on injection 


(3) uniformly high potency 


Now available for Streptomycin therapy 
is this new form—Streptomycin Merck 
(Calcium Chloride Complex). Devel- 
oped in The Merck Research Laborato- 
ries, where pioneer work on this valu- 
able antibacterial agent was conducted, 
the new,improved form of Streptomycin 
is recommended as an adjunct in the 


treatment of certain types of urinary tract 
infection, selected cases of tuberculosis, 
and other infections due to susceptible 
strains of gram-negative organisms. 


Ask for the New 
DATA CHART 


This new quick-reference chart gives 
essential data on the clinical uses, storage, 
preparation of solutions, administration, 
and dosage of Streptomycin Merck 
(Calcium Chloride Complex). It will 
be mailed to you on request. Write to 


Merck & Co., Inc., Rahway, N. J. 


STREPTOMYCIN MERCK 


{Calcium Chloride Complex} 


MERCK &CO., Inc. 


Manufacturing Chemists 


RAHWAY, N. J. 


In Canada: Merck & Co., Ltd., Montreal, Oue. 
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Decubitus ulcer of 6 months’ duration on left 
buttock of paraplegic. Photo above shows appear- 
ance after 2nd attempt at surgical closure. Base of 
ulcer was dirty and foul smelling. 


For healing and deodorizing 


Cleaning-up with Chloresium Solution was 
followed by daily dressing with Chloresium Oint- 
ment. The area was completely healed in 21 days. 
There has been no recurrence in 6 months. 


ulcers, wounds and burns 


Natural, nontoxie Chlorophyll 
therapy indicated 


Leading clinics verify that chlorophyll therapy 
as made possible by Chloresium is remarkably 
effective in healing and deodorizing acute and 
chronic suppurative conditions. This is due to 
the action of the water-soluble Chlorophyll de- 
rivatives in Chloresium which stimulate normal 
cell growth, encourage epithelization and elimi- 
nate odors found in suppurative lesions. 

From the Lahey Clinic Bulletin (Vol. 4, 
No. 8, April 1916): “(Chloresium) apparently 
excels any of the previously used agents for the 
local treatment of chronic ulcers of the leg... 


Chlorestum 


RYSTAN COMPANY 


7 N. MacQuesten Pkwy., Mt. Vernon, N. Y. 
SOLE LICENSEE—LAKELAND FOUNDATION 


The absence of any local irritation or toxicity, 
the rapid appearance of healthy granulation 
tissue, and good epithelization were impressive.” 


From the Guthrie Clinic Bulletin (Vol. 16, 
No. 1, July 1946): “We have used a water- 
soluble ointment of chlorophyll (Chloresium) in 
a variety of conditions, particularly in burns, 
chronic ulcers and osteomyelitis, with splendid 
results in a vast majority of the cases.” 


Chloresium is ethically promoted. At leading 
druggists in three forms . . . Solution (Plain), 
Ointment and Nasal Solution. (ce, 


FREE— MAIL COUPON 
RYSTAN COMPANY 
| Dept. JM-1 
| 7.N. MacQuesten Pkway, 
| Mt. Vernon, N. Y. 
| Please send “Chlorophyll—Its Use in Medi- 
| cine,” a review of over 75 published —— 
| (Clinical samples will be furnished if re- 
| quested on your letterhead.) 
| 


Name M.D. 


Street 


| 


City. Zone State 
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Nitranitol th, 
ins, apy 


Pressure is brought 


Under contro) 


Sustained eff 
se of slumb 8:00 P. y 


Vasorelaxation produced by Nitranitol is GRADUAL, avoiding the 
dangerously abrupt blood pressure fluctuations of the quick-acting drugs. 

The hypotensive effect of Nitranitol is PROLONGED, each dose 
overlapping the one before—permitting maintenance of a relatively 
constant pressure. 

The negligible clinical toxicity of Nitranitol, making it SAFE for use 
over an indefinite period, is in contrast to the cumulative toxicity of 
the thiocyanates. 


Gradual, Prolonged, Safe Vasodilation with 


_ NITRANITOL 


T. M. REG. U.S. PAT. OFF. 
on g | Nitranitol contains 44 gr. mannitol hexanitrate in each scored 


to ation } 
miton, tablet. Dosage is 1 to 2 tablets every four hours. Available in 


hospital and prescription pharmacies in bottles of 100 and 1000. 


THE WM. S. MERRELL COMPANY 
CINCINNATI, U.S.A. 


SAFE SUSTAINED REGULaTIon OF HYPERTENS Ion 
dose, plus relaxation 
For ¢ 
in ad 
NITR; ‘ 
WITH ‘LL 
;HENOBARBIT AL E 
Each tablet ¢, tain | 
| hexaniaits MERR 
and 1 gr. Phenobarbital, 
Bottles of 100 and 1000. 


One of the chief attributes of ‘Resinat’ 

is that it is neither absorbed 

nor soluble in gastric contents. 

Its use produces no achlorhydria, no 
interference with vital food elements, 

and no irritation of the digestive tract. 
‘Resinat’ inactivates pepsin, 

an underplayed factor in the etiology of 
ulcers, and normalizes excess gastric acid. 


Thus, ‘Resinat’ measures 

up to the first of the accepted 
standards for an ideal antacid, as 
outlined by Beckman, that 


is insoluble, 
does not irritate the stomach 2nd intestines ’’ 


the antacid ‘resinat’ is insoluble 


For prompt symptomatic relief in 

gastric complzinis, prescribe two or more 

capsules (0.25 Gm. each) of ‘Resinat’ as required. 
Available in bottles of 50, 100, 500 and 1000 capsules. 
Professional samples and literature on request. 


a research product of 


the national drug company 


Philadelphia 44, Pa. 


Pharmaceuticals, Biologicals, Biochemicals 
for the Medical Profession 


the new ethical 
prescription 


resin antacid 


bibliography: 

Beckman, H. : Treatment in 
General Practice, Sth ed., Phils., 
Saunders, 1945, p. 559 

Wilkinson, J. & Martin, G. J. : Arch. 
Biochem., 10: 205, 1946 
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Editorial 
BAL (British Anti-Lewisite) 


HE history of specific antidotes to 

poisoning by metals is substantially 

an account of unfulfilled promises. 
The long succession of failures was inter- 
rupted, however, in the early days of World 
War 1 by a series of important discoveries 
made in rapid succession in the cooperative 
war programs of chemical, pharmacologic 
and clinical research focused on the problem 
of an antidote to the arsenical vesicant, 
Lewisite. The chief practical issue was the 
synthesis of the compound BAL which is 
not only highly effective in preventing 
tissue damage by arsenic and mercury but 
also in reversing moderate grades of tissue 
injury after the metals have been at work 
for some time. 

The numerous lines of investigation lead- 
ing to this discovery were recently reviewed 
by Peters, Stocken and Thompson of Great 
Britain, and by Waters and Stock of this 
country. Many important steps were neces- 
sary before the problem arrived at the point 
at which an effective antidote became avail- 
able. One of the earliest observations bear- 
ing most directly on the subject was that of 
Voegtlin, Dyer and Leonard of the United 
States Public Health Service who, in 1923, 
advanced the view that the therapeutic 
arsenicals produce their effects by combin- 
ing with the —-SH groups of protoplasm. 
There were observations that various en- 
zyme systems depended on the free —SH 
group for their activity, that these enzyme 
systems could be poisoned by arsenicals, 
that the combination in some types of 


thioarsenites could be reversed in alkaline 
solution, that monothiol and some dithiol 
compounds with arsenic were as toxic as 
the arsenical itself; observations leading to 
the belief that fairly stable but reversible 
ring compounds might be formed between 
the arsenical and the —-SH groups of tissue 
proteins or the protein portion of the 
enzyme systems and that similar but less 
easily dissociable compounds of the arseni- 
cals are formed by their interaction with 
simple dithiols which can compete success- 
fully with the tissue dithiols for the toxic 
metal. 

The compound 2,3-dimercaptopropanol, 
more popularly known as British anti-Lewis- 
ite or BAL, is not a harmless material. It is 
itself a poison. It is an irritant to the skin 
and mucous membranes and in large doses 
causes death with capillary paralysis and 
shock, sometinzes preceded by convulsions. 
It causes lacrimation, blepharospasm, sali- 
vation, vomiting, muscular cramps, un- 
rest, apprehension and weakness. Small 
doses produce arteriolar constriction with 
elevation of the blood pressure. It is note- 
worthy that unpleasant effects are produced 
by doses much below those which may 
cause serious damage, a fact which pro- 
vides an element of safety against over- 
dosage. BAL is rapidly eliminated in 
animals and man and doses may be repeated 
in man at intervals of three or four hours 
without significant cumulation. Studies in 
man show that some of the minor toxic 
effects may be produced by doses as small 
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as 3 to 5 mg. per Kg. although single doses 
as high as 8 mg. per Kg. have been given 
with safety by intramuscular injection. BAL 
may be used by most of the common routes 
of administration, subcutaneous, intramus- 
cular and intravenous injection, dilute ap- 
plications to the eye and by skin inunctions. 
It is best given by intramuscular injection 
in the form of a 10 per cent solution in 
peanut oil. 

In human poisoning with arsenical com- 
pounds, the administration of BAL gives 
rise to a prompt and marked increase in the 
arsenic content of the blood which is asso- 
ciated with a marked increase in the arsenic 
excretion in the urine. There now exist 
convincing reports on the value of BAL as 
an antidote against dermatitis, encephalitis, 
agranulocytosis and the various febrile 
reactions due to the arsenicals. There is 
some doubt concerning its utility in arsenical 
jaundice. The best results are obtained when 
the antidote is given fairly promptly after 
the poison has been taken but it proves 
effective even after considerable injury 
has been produced by the arsenical. 

The problem has been carried to the 
field of other metals and evidence has been 
obtained in the laboratory that such heavy 
metals as lead, antimony, vanadium, bis- 
muth, cadmium, mercury and zinc in- 
activate —SH-centaining enzymes and that 
these effects can be reversed by members 
of the BAL series. 

Considerable advance has been made in 
the application of BAL as an antidote to 
bichloride of mercury poisoning. The results 
of experiments in rabbits and dogs by Gil- 
man and his collaborators showed a high 
degree of protection against the systemic 
effects of mercury even when treatment was 
delayed for two or three hours, indicating 
that the dithiols may remove mercury from 
its combination with the cell proteins. BAL 
has been applied successfully by Longcope 
and his collaborators in the treatment of 
patients with bichloride of mercury poison- 
ing. Again, while the best results are 
obtained when the antidote is admini- 
stered soon, dramatic relief of symptoms 


and complete recoveries occurred in pa- 
tients treated with BAL under conditions 
which rarely allowed for recovery with any 
previous forms of treatment. In a fairly large 
series of cases of poisoning at the Johns 
Hopkins Hospital in which the patients 
swallowed 1 Gm. of bichloride of mercury 
or more, and admission was delayed for 
periods up to four hours, all those treated 
with BAL recovered while the mortality 
rate in similar controls was about 30 per 
cent. BAL has also been shown to be 
effective against the toxic effects of the 
organic mercurial salyrgan in the mouse, 
the cat and the dog. This is of considerable 
importance in view of the extensive use of 
these diuretics and the possibility of acci- 
dental overdosage. 

There seems to be very little doubt of the 
efficacy of BAL as an antidote to arsenic 
and mercury poisoning. Isolated observa- 
tions have already been made on the effect 
of BAL in human poisoning by other 
metals, copper, zinc and gold. Several 
rather striking results have been reported 
on the use of BAL in poisoning produced by 
gold employed in the treatment of arthritis. 

Much remains to be learned about the 
possibilities of thiols in the treatment of 
poisoning by various metals. It may well be 
that other mercaptans may prove safer and 
more effective than BAL itself. Since it is 
likely that clinicians will be turning to BAL 
as a form of treatment of human poisoning 
by many metals, the experience with cad- 
mium should be borne in mind. It was 
shown in animals that while the prophylac- 
tic administration of BAL eliminated the 
signs of acute intoxication with cadmium 
chloride, the animals later succumbed to 
renal damage in the process of excretion of 
the cadmium-BAL complex. It is clear from 
this that great caution is necessary in the 
application of BAL to poisoning by metals 
in man and that thorough exploration of 
the problem relating to any particular 
metal should be made in animals before 
BAL is applied in cases of human poisoning. 

Harry GOLD, M.D. 
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Studies 


Effects of Immobilization upon Various 


Metabolic and Physiologic Functions 


of Normal Men’® 


Joun E. Derrrick, M.p., G. DONALD WHEDON, M.D. 


EPHRAIM SHORR, M.D. 


HERE has been a growing concern 
in recent years not only over the 
possible relation of bed rest to a 
variety of hazardous complications com- 
monly encountered during illness but also 
as to its optimal use as a therapeutic meas- 
ure during convalescence. During World 
War 11 interest in these problems was height- 
ened by the importance to the armed forces 
of methods whereby the convalescence and 
rehabilitation of disabled soldiers might be 
accelerated. This has led to the initiation 
of studies designed to clarify the physiologic 
and metabolic derangements associated 
with traumatic and infectious states as well 
as the manner in which they are influenced 
by bed rest. 

The value of the information provided by 
any such study will depend upon the appre- 
ciation of the many factors participating in 
the reaction of the organism to stress and 
upon the extent to which differentiation of 
these factors has been made possible by the 
conditions under which the observations 
have been carried out. The complexity of 
the factors involved is apparent from a 
consideration of the variety of phenomena 


with the technical assistance of 
VINCENT ToscANI and V1oLA BUNIAK Davis 
New York, New York 


which have been attributed to bed rest. 
These range from the relatively acute 
pathologic complications such as phlebo- 
thrombosis, pulmonary embolism and hy- 
postatic pneumonia to the more chronic 
pathologic and functional disturbances 
which include decubitus ulcers, nephro- 
lithiasis, constipation, myasthenia and many 
metabolic and vascular functional derange- 
ments. Their variety suggests a multiple 
origin, indicating that investigation of any 
of these phenomena would require exacting 
analysis of numerous underlying mecha- 
nisms. In any investigation of the réle of 
bed rest in disease and convalescence, there 
are many varying conditions which may 
exert an influence. It is necessary to consider 
observations in relation to the amount of 
activity perm’*‘ed to the patient. In most 
discussions, wed rest has been a poorly 
defined term, activity in bed being inade- 
quately described or controlled. It may vary 
from the complete inactivity of the comatose 
patient or one with a fractured spine to the 
constant movement of the patient with 
Graves’ disease. Some attention should also 
be directed to the phase of the illness and 


* From The Department of Medicine, Cornell University Medical College, The New York Hospital and The 
Russel] Sage Institute of Pathology. This investigation was carried out under a contract, recommended by the Com- 
mittee on Medical Research, between the Office of Scientific Research and Development and Cornell University 


Medical College. 
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duration of bed rest. A differentiation must 
be made of the effects of other therapeutic 
agenis from the effects of bed rest. Finally, 
it is necessary to differentiate the derange- 
ments which are presented by a patient bed- 
ridden by illness from those which might be 
attributed to bed rest per se, that is, from 
those derangements which would be ex- 
perienced by a normal healthy person 
subjected to the same conditions. 

There are few published experiments 
which satisfy these criteria, a circumstance 
which is largely responsible for the present 
controversial status of bed rest as a thera- 
peutic measure. This uncertainty, and also 
the sparsity of factual or quantitative data, 
is reflected in the numerous recent criticisms 
of bed rest’~* which have led to the present 
vogue of early postoperative ambulation.* ° 
A review of the available literature disclosed 
only two experiments which have attempted 
to differentiate under controlled conditions 
between the effects of bed rest or immobili- 
zation per se and the effects of disease. In 
1929, Cuthbertson’® studied a group of 
normal subjects maintained on constant 
diets during periods of bed rest of ten to 
fourteen days. The bed rest was standard- 
ized by the use of splints and sandbags. The 
brevity of both the control periods and 
the periods of immobilization reduced the 
value of these experiments. In 1944, Keys!!~18 
carried out similar studies in young normal 
individuals. They were not restrained by 
splints or casts and, except for short periods, 
their activity in bed was unrestricted. In 
addition, their dietary intake was reduced 
during the periods of bed rest. 

The purpose of the present investigation 
was to obtain quantitative metabolic and 
physiologic data on the eifects of immobili- 
zation on normal, healthy individuals and 
thus to furnish a basis for differentiating the 
effects of immobilization per se from those 
which might arise from (or be superim- 
posed by) disease or trauma. The experi- 
ment was devised in such a manner as to 
define and keep constant the activity in bed 
and to exclude or to control carefully other 


factors such as disease, diet and environ- 
ment throughout the period of observation. 


PROCEDURE 


Four normal, healthy men were studied on 
constant diets before, during, and following a 
prolonged period of bed rest. Activity in bed 
was standardized by immobilization of the 
pelvic girdle and legs in plaster casts. This was 
done to avoid the variable amount of activity 
that young healthy subjects lying in bed might 
exhibit. The study was carried out on the 
metabolism ward of the New York Hospital 
and the Russell Sage Institute of Pathology. 

The investigation was planned to include 
metabolic balance studies in nitrogen, calcium 
and phosphorus and the analysis of the urine 
for creatine, creatinine, citric acid and 17-keto- 
steroids. The investigation was further planned 
to make observations and tests of circulatory, 
respiratory, muscular and other physiologic 
functions. Since a complete study of the effects 
upon each function was impossible, certain tests 
in each field were selected which might be 
expected to yield the most pertinent information 
and indicate the direction which later studies 
might follow. 

The length of the control period was six to 
eight weeks, the immobilization period six 
weeks in the first pair of subjects and seven 
weeks in the second pair. The recovery period 
in the first pair was four weeks; this was found 
to be too short and was lengthened to six weeks 
in the second pair. 

During the control period the subjects were 
active; in addition to being up and about on the 
metabolism ward, they took exercise in the form 
of calisthenics one-half hour and swimming 
one-half hour each day and were taken by an 
escort on one-hour walks outside the hospital 
three or four times a week. 

During the immobilization period the subjects 
were placed in bi-valved plaster casts extending 
from the umbilicus to the toes. They remained in 
these casts constantly throughout the immo- 
bilization period except for the use of the bed 
pan and for the ergometer and tilt table tests. 
Time free of the cast averaged thirty to forty 
minutes daily. (The plaster cast was first applied 
to a subject during the early ‘‘adjustment”’ phase 
of the control period and when dry (thirty-six 
hours) was bi-valved and removed, the subject 
returning promptly to control activity. The cast 
was then padded and fitted with ties in prepara- 
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tion for occupancy during the immobilization 
phase.) 

In the recovery period, the subjects were 
ambulant on the sixth day and two weeks after 
coming out of the casts resumed the. same level 
of activity as they pursued in the control period. 


The protein intake was set at slightly less than 
1.5 Gm. per Kg. body weight and was more than 
adequate to maintain nitrogen equilibrium 
during the control periods. Calcium, phosphorus 
and potassium were kept constant at medium 
levels. Sodium intake was not kept constant in 


TABLE i 
DAILY PE (ARY INTAKE AND PHYSICAL CHARACTERISTICS OF SUBJECTS 


| Calories, 
Daily 
Intake 


' Height, | Weight, 
Cm. | Kg. 


Protein, 


Na, 
Gm. 


179.5 62 2,800 
161 | 60 2.260 
181 64 


| 
| 
177 : 66 2,500 


| 
| 
| 


The first pair of subjects was studied from 
\ugust to December, 1944, and the second pair 
from February to June, 1945. 

Subjects. Conscientious objectors volunteered 
as subjects for this experiment and were trans- 
ferred to the hospital by Selective Service. They 
were healthy young men, varying in age from 
twenty to twenty-nine years. Physical charac- 
teristics of age, height and weight are listed in 
Table 1. 

The subjects differed considerably in body 
type. E. M. was of medium height and moder- 
ately muscular. A. S. was a Nisei, rather short 
and of excellent muscular development. C. O. 
and S. W. were rather tall and slender. The only 
physical defect in the group was found in S. W. 
who had an accentuated first heart sound at the 
mitral area, pulmonic second sound louder than 
aortic second sound and on exercise a short, 
rolling, crescendo, presystolic murmur at the 
mitral area. However, his heart was not en- 
larged, the left auricle did not compress the 
esophagus, the electrocardiogram was normal 
and the heart showed excellent reserve power. 

Diets. The diets (Table 1) were selected at 
such levels that they could be kept constant 
throughout all periods of the experiment. They 
were calculated ‘to maintain the subjects in 
caloric, mineral and nitrogen balance during 

‘the control periods, yet permit complete inges- 

tion during immobilization. One subject (E. M.) 
received 2,500 calories; the other three, 2,800 
calories. The diets were not creatine-creatinine 
free and for each of the diets there were actu- 
ally three daily menus which were rotated in 
succession. 
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' the first pair of subjects but was in the second 


pair. 

Calculated values for the caloric and mineral 
content of the various foods were obtained largely 
from the sixth edition of Sherman.!* Values for 
grapejuice were obtained from the fourth edition 
of Sherman, for rye bread from Rose?® and for 
cereals from McCance and Widdowson. !* 

A total of twelve diet analyses (2n toto method) 
was carried out during the course of the studies. 
The average percentage of the calculated values 
recovered by analysis was 96.5 per cent for 
nitrogen, 98.2 per cent for calcium and 93.1 per 
cent for phosphorus. In the balance studies of 
these three elements the calculated values were 
taken as the intake. For potassium, 83.7 per cent 
of the calculated values was recovered on analy- 
sis of the diets and for sodium 108.3 per cent was 
recovered on analysis as compared with the 
calculated values. Since the tables used to ob- 
tain the sodium and potassium content of foods 
were incomplete and of questionable validity, 
the values we obtained by analysis were used 
as the intake for the balance studies of these two 
elements. (When tables later became available 
giving the sodium and potassium content of 
foods based on analyses made by the flame 
photometer,!” recalculation of the contents of 
the diets when compared with the diet analyses 
revealed that the average percentage of the 
calculated values recovered on analysis was 
89.3 per cent for potassium and 99.8 per cent 
for sodium.) In the second pair of subjects 
(A. S. and S. W.), the sodium intake was kept 
constant at 4.0 Gm. per day by giving measured 


| | 
| mmm | Fa, cHO,| Ca, | 
es Gm. | Gm. | Gm. | Gm. | Gm. Gm. Pix. 
E.M. | 29 85 110 | 292 | 0.952| 1.50 | .... | 3.15 
co. | 2 | 90 114 | 352 | 9.920) 1 64 
90 114 | 352 | 0.920; 1.64 | 4.00 | 3.76 
SW | 20 | 90 114 | 352 are 1.64 | 4.00 | 3.76 ip 
H 
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amounts of sodium chloride to be sprinkled over 
the food. 

Methods. A. Chemical studies: A general 
description of the ward routine and methods 
employed on the metabolism ward of the Russell 
Sage Institute of Pathology and the New York 
Hospital has been given by E. F. DuBois.!*19 

The measured diets and collection of speci- 
mens for the chemical balance studies were 
begun the day after the subjects’ arrival on the 
ward. It was found that it took from one week 
to ten days for adjustment to the diet and ward 
routine as judged by the. establishment of rela- 
tive stability in the day to day output of chemi- 
cal constituents. 

The metabolic balance studies were carried 
out in seven-day periods. Fecal nitrogen, cal- 
cium, phosphorus, sodium and potassium were 
determined by chemical analysis. Urinary 
calcium, phosphorus and citric acid were 
determined daily in the first two subjects studied 
and on four- and three-day pooled specimens in 
the subsequent studies. Urinary sodium, potas- 
sium, inorganic sulfur and 17-ketosteroids were 
determined on seven-day pooled specimens. 

Urine specimens were preserved by refrigera- 
tion and the addition of 20 cc. of toluol to each 
twenty-four-hour collection. To the seven-day 
pooled specimens, made up of aliquots of the 
twenty-four-hour collections, was added 10 cc. 
of concentrated HCl. 

Stool specimens were collected in individual 
covered enameled containers which were kept 
in the ice box. The stool periods were marked 
by giving by mouth 0.2 Gm. carmine at 9 P.M. 
on the last day of the period. Stool specimens 
were evaporated to dryness, weighed, ground 
and completely mixed. (Drying of a stool was 
begun within one day of the time it was passed 
in order to prevent decomposition. ) 

Diets were analyzed in toto, one day’s entire 
menu being mixed together, ground and then 
prepared for analysis in the same manner as in 
the preparation of a stool for analysis. Blood was 
drawn for analysis when the subjects were in the 
fasting, basal state. Specimens were allowed to 
stand at room temperature for two hours, then 
centrifuged twice and the serum withdrawn. 

Urine and stool specimens were analyzed for 
nitrogen by a modification of the Kjeldahl 
method;”° for stool nitrogen analysis an aliquot 
of the dry stool was placed directly in a Kjeldahl 
flask. Urine and stool specimens were analyzed 
for phosphorus by the method of Fiske and Sub- 


barow.*! Calcium in the urine was determined 
by the method of Shohl and Pedley;”? the prepa- 
ration of stool for calcium analysis was carried 
out as outlined in Hawk and Bergeim®* and the 
neutralization and analysis by the method of 
Shohl and Pedley.”? The creatine content 
of the urine was determined by the method of 
Benedict;** creatinine by the method of Folin;*® 
citric acid by the method of Taussky and Shorr”® 
and total sulfate (inorganic and ethereal) sulfur 
by the method of Folin.”’ Urine pH was determin- 
ed in a Hydrogen Ion Concentration Meter. The 
excretion of 17-ketosteroids in the urine was 
determined by a modification®® of the method 
of Callow, Callow and Emmens;”® the keto- 
steroids were hydrolyzed and extracted (three 
times) by shaking with carbon tetrachloride at 
room temperature; the extract was cleared of 
estrogens with sodium hydroxide and water 
and the final extract prepared according to the 
original method. Sodium and potassium in 
serum, urine and stool were determined by a 
flame photometer, designed by Barnes, Richard- 
son, Barry and Hood*® and the analyses carried 
out by the methods of Hald*! and Toscani and 
Buniak.** The sodium and potassium analyses of 
the blood were determined on diluted samples 
of serum and analyses of urine on diluted urine 
specimens; the analyses of food and stool were 
carried out upon weakly acidified solutions of 
ash prepared in the same manner as for calcium 
analysis.** Serum specimens were analyzed for 
calcium by the method of Clark and Collip,** 
phosphorus by the method of Fiske and Sub- 
barow”! and total proteins by the Kjeldahl 
method.”° Blood prothrombin levels were deter- 
mined by a modification of the method of 
Herbert.** 

Creatine tolerance tests**:*® were performed 
in the following manner: Since the diets were not 
creatine-free, the subjects were given the same 
menu for three successive days. On the second 
of the three days, the subjects were given 1.32 
Gm. of creatine hydrate at 10 a.m. The test dose 
of creatine hydrate, 1.32 Gm., is equivalent to 
1.0 Gm. of creatine in the urine expressed as 
creatinine. The control creatine excretion was 
taken as the average of the first day’s excretion 
and the excretion of the two days in the pre- 
ceding week upon which the subject received 
the same menu as during the test days. Calcula- 
tion of the percentage of fed creatine retained, 
i.e., the creatine tolecance, was based on the 
total excretion of the day of and the day follow- 
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ing the administration of the test dose of crea- 
tine. From the excretion of each of these two 
days the control excretion was subtracted. The 
difference represented that fraction of the 
ingested creatine which was not retained. This 
figure, when divided by the total amount of 
creatine which might have been excreted (1.0 
Gm.) from the test dose, represented the per 
cent excreted. Subtracting this figure from 100 
per cent yielded as a result the percentage of fed 
creatine retained. The minimum normal value 
for creatine tolerance is 70 per cent. 

Biologic assay of adrenal corticosteroids in the 
urine by the determination of the amount of 
glycogen deposited in the liver of adrenalecto- 


mized mice*’ was carried out for us by Dr. © 


Konrad Dobriner of the Memorial Hospital 
for the Treatment of Cancer and Allied Diseases, 
New York. The determinations were made on 
two subjects, E. M. and C. O., on seven-day 
pooled specimens during the last four control 
weeks and during the immobilization and re- 
covery periods. 

B. Physiological studies: Subjects were weighed 
daily during the contro! and recovery periods. 
During immobilization they were weighed twice 
weekly in the casts on a weighing table, the weight 
of the cast and the table being subtracted. The 
basal metabolic rate was determined weekly by 
the method of Benedict and Roth.** 

Muscle power was measured every four to 
eight days during the control periods and every 
ten days during the immobilization and re- 
covery periods on an ergometer, a modification 
of the ergograph designed by Co Tui.*® The 
ergometer differs from the (> Tui ergograph in 
being fitted with a Kirster adjustable Thomas 
splint and a Chatillon spring :cale against which 
the subject pulled. The ergometer was designed 
to test muscle groups in all four extremities 
with the subject supine: (a) the biceps group in 
the flexed arm pull (elbow at 90 degrees); (b) 


the shoulder and arm muscles in the straight arm — 


pull; (c) the anterior tibial group in the foot pull 
(leg straight) and (d) the gastrocnemius-soleus 
group in the foot push. Muscle power was taken 
as the number of pounds pull (best one of three) 
from the spring scale; there was a two-minute 
rest between each pull in order to avoid fatigue. 
Strength of grip was measured on a hand dyna- 
mometer. Studies of the rate of muscular fatigue 
were attempted in several ways but it was found 
that motivation played too great a réle and the 
studies were therefore discontinued. (For the 
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ergometer tests during the immobilization 
period (every ten days) the subject slept out of 
the cast the night preceding the test to lessen 
muscle and joint stiffness, then the subject was 
put back in the cast in the early afternoon after 
an average of eighteen hours out of the cast.) 

Girth of the upper and lower arms, thighs and 
calves were measured at standard distances from 
bony prominences twice weekly in the first pair 
of subjects, using a narrow, steel tape measure. 
In an effort to overcome the source of error re- 
sulting from variable tension on the tape meas- 
ure, a device was made consisting of an encircling 
1144 inch wide metal band, with tape measure 
rivited along one edge; the band was mounted 
on a standard in such a way that 2 (and 5) 
pound weights could be hung from the metal 
band’s free end in order to produce a constant 
tension. With this device (used for the measure- 
ment of calf and thigh circumference on the 
second pair of subjects), measurements of the 
circumference of the calf could be closely checked 
by different observers (standard deviation over 
four control weeks equaled + 2.4 mm. or 0.67 per 
cent.) Measurements were made after subjects 
had been lying down not less than thirty minutes 
in order to measure the leg when in a constant 
state. Measurements of the circumference of the 
legs showed a gradual decline over the first 
thirty to forty minutes after the assumption of 
the horizontal position before reaching measure- 
ments approximating those found in the morning 
basal state. 

The reaction of the circulation to the upright 
position in prolonged motionless standing was 
studied by the tilt table test which has. enjoyed 
increasing favor in recent years as a measure of 
the “fitness” of the circulatory system.*°~*” The 
subject lay quietly in the horizontal position on 
the tilt table for twenty-five to forty minutes 
during which pulse rate and blood pressure 
readings were taken every two to four minutes. 
The pulse rate and blood pressure usually be- 
came well stabilized within twenty minutes. 
The table was then tilted slowly over a period 
of thirty seconds to an angle of 65 degrees, feet 
down, the subject adjusting his feet on the foot- 
board at that time if necessary; thereafter, the 
subject stood motionless and unsupported with 
arms at his side, his weight being borne mainly 
by his heels against the footboard. Pulse rate and 
blood pressure readings were made every one 
to two minutes with the subject in this position. 
The subject remained in the tilted position for 
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twenty minutes, unless fainting occurred in a 
shorter interval. During a number of tilt table 
tests electrocardiograms (three standard leads) 
and measurements of the girth of the right calf 
and thigh were taken before, during and follow- 
ing tilting. During the immobilization period 


RECOVERY 


—}]—CONTROL 
__]_ CONTROL 

“BASE-LINE 


CONTROL BED REST 
EM 


14° INTAKE 


INTAKE 
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INTAKE 


ouTPUT 


weexs 

Fic. 1. Effect of immobilization on the nitrogen 
metabolism of four normal male subjects. In this and in 
each of the subsequent graphs “bed rest”’ indicates the 
immobilization phase. For each subject the control 
base-line is an average of the total outputs of the last 
four control weeks. The nitrogen outputs of the first 
two weeks of immobilization and of the first recovery 
week have been charted in four- and three-day periods 
in order to indicate the duration of the delay in the 
increase in nitrogen excretion during immobilization, 
the peak of nitrogen excretion during immobilization 
and the delay in the fall in nitrogen excretion during 
recovery. 


the subjects were taken out of their casts thirty 
minutes prior to the test. Tests were performed 
at the same time of day (3 p.m.) and under 
relatively constant temperature conditions. 
Blood volume determinations were made 
employing the Evans blue (T-1824) method of 
Gregersen, Gibson and Stead** as outlined by 
Gibson, Evans and Evelyn.***> Hematocrits 
were determined by the Wintrobe tube, and 
centrifugation was carried out for sixty minutes 
at 3,000 r.p.m. Hematocrits were-corrected by 
allowing 8.5 per cent for the per cent of the 
observed cell volume as plasma trapped between 
red cells.** A dye standard was prepared for 


each blood volume determination from the 
ampule of dye used for injection. Possible hemo- 
lysis in the serum samples containing dye was 
corrected by the formula of Gibson and Evelyn. 

At the time of withdrawal of blood for the 
serum blank, blood was also withdrawn for 
coagulation time determinations by the method 
of Lee and White. Test tubes of Wassermann 
tube size (1.1 cm. diameter) were used which 
give coagulation times in normals that are some- 
what longer than those obtained with the 
standard tube 8 mm. in diameter.*” Coagulation 
times of the subjects during the control periods 
were eight to eleven minutes. At the conclusion 
of the blood volume determinations circulation 
times were measured, employing decholin and 
macasol.** 

The Master two-step test*? and the Schneider 
were used as indices of physical fitness. 
Using the Master test in the first subject E. M., 
the maximum number of climbs was determined 
following which the pulse rate and systolic blood 
pressure returned to within ten points of the 
resting level within two minutes; in the other 
three subjects, the number of climbs was kept 
constant for each subject and the varying re- 
sponse of pulse and systolic pressure noted. The 
Schneider index was selected because it can be 
performed without undue effort by a convales- 
cent able to stand and step up on an 18-inch 
step. As often as possible, tests were performed 
at the same time of day (4 P.M.). 

Tests of respiratory function included vital 
capacity, ventilation at rest per minute and 
maximum ventilation capacity per minute®? 
employing a calibrated 85 liter capacity Tissot 
gasometer. Ventilation per minute at rest was 
taken as the average of two, five-minute periods 
under basal conditions. Maximum ventilation 
capacity per minute was taken as the average 
of two, thirty-second runs. Determinations were 
also made of breath-holding time and of the 
behavior of the pulse during breath-holding 
against a 40 mm. column of mercury (Flack or 
“‘persistence”’ 

X-rays of the long bones and spine of the first 
pair of subjects were made at intervals under 
exactly duplicated x-ray technic in an effort 
to detect possible bone rarefaction resulting 
from immobilization. 

Observations were made of the resting pulse 
rate and blood pressure before, during and 
following immobilization. Measurements made 
during tests carried out in the morning basal 
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state make up a large proportion of the data of 
this comparative study. 


RESULTS 


A. Chemical Studies. 1. Nitrogen: (Fig. 1.) 
During the control periods the subjects 
maintained small positive nitrogen balances 


variations from the control base line have 
been employed for the calculation of total 
losses throughout the nitrogen and mineral 
balance studies. 

During immobilization all four subjects 
showed an increase in nitrogen excretion 


TABLE Il 
DELAY IN THE INCREASE IN NITROGEN EXCRETION DURING IMMOBILIZATION; DAILY URINARY NITROGEN 
AND DAILY TOTAL (URINARY PLUS FECAL) NITROGEN EXCRETION DURING FIRST TEN DAYS 
OF IMMOBILIZATION 


Subject E. M. 


Subject C. O. 


Subject A. S. Subject S. W. 


Urinary N, | Total N, | Urinary N, 


Gm. Gm. 


Total N, 


Urinary N, | Total N, | Urinary N, | Total N, 
Gm. Gm. Gm. Gm. Gm. 


Average of last four 
control weeks... . 
Average deviation 
of daily output 
from average of 
last four control 


12.60 
12.35 
12.50 
11.45 
11.42 
14.20 
12.42 
12.18 
42.93 
14.20 


12.97 
13.95 
13.79 
313.57 
12.06 
14.89 
16.77 
17.18 
16.01 
18.11 


* High urinary creatinine on this day and low creatinine on preceding day suggests that this represents more than 
g y 


a twenty-four-hour sample. 


} Figures in italics indicate the first day of significant increase in nitrogen excretion. 


with the output relatively constant. The 
total outputs of the last four control periods 
were averaged to obtain the control base 
line. This is drawn on the graph as an 
interrupted line to demonstrate clearly the 
deviations of nitrogen excretion during the 
immobilization and recovery periods from 
that of the control period. Each subject 
established his own distinctive balance with 
respect to intake so that in assessing the 
effect of immobilization upon nitrogen 
excretion, displacements from a control 
base line are of greater significance than 
balances related to intake. Displacements or 
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which was reflected principally in the 
urinary nitrogen. The fecal nitrogen re- 
mained relatively constant throughout all 
phases of the experiment. During the first 
four days of immobilization there was little 
change in the output; a rather abrupt rise 
then occurred generally on the fifth or sixth 
day. This delay (Table 1) of four or five 
days is in contrast to the immediate exces- 
sive excretion of nitrogen in response to 
fever and the delay of only one day. follow- 
ing trauma. The peak of nitrogen excretion 
occurred during the second week. The 
extent of nitrogen loss varied considerably 


£ 
Gm. 
| | 
11.35 | 3.28) j 11.59 12.87 11.45 13.24 12.68 13.82 
Immobilization | | 
period | | 
13.65* 14.54* 13.89 10.53 12.61 11.90 
11.69 12.58 13.64 10.80 12.88 12.88 
11.37 12.26 13.79 11.30 13.38 1272 
12,70 13.59 12.74 11.50 13.58 12.50 
15. 89¢ 16.78 12.71 11.80 13.88 | 10.99 : 
13.60 14.49 15.49 12.03 14.11 73.82 
Pps 15.70 16.59 13.71 12.25 14.33 15.70 
15.30 16.42 13.39 73.20 74.91 16.02 
Ee 16.20 17.32 13.16 12.75 14.46 14.85 
14.90 16.02 15.41 13.79 15.50 16.95 
ae 
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in the several subjects and could not be 
correlated with body type. During the 
recovery phase nitrogen excretion remained 
high for a few days and then fell rapidly to 
reach the control level by the second week. 
The output continued to decrease, falling 


losses among the four men was 53.7 Gm., 
equivalent to 1.7 Kg. of muscle protoplasm. 

2. Calcium: During the control periods 
the subjects remained in positive calcium 
balance. During immobilization there was 
an increase in both urinary and fecal cal- 


TABLE III 
NITROGEN METABOLISM—TOTAL NITROGEN LOSSES DURING IMMOBILIZATION, TOTAL RETENTION DURING 
RECOVERY AND MAXIMUM DEVIATION FROM CONTROL BASE-LINE (AVERAGE OF LAST FOUR 
CONTROL WEEKS) 


I. Immobilization 


Control 


Average 
Daily Average 
Balance Daily 
(last | Balance, 
4 wk.), .| Gm. 
Gm. | 


Subject 


1.99 
0.71 
0.93 
1.14 


Immobilization Period 


Maximum Deviation 
from Control Base-line 


Week of 
Occur- 
rence 


Deviation, 
Gm. /day 
(for the 


II. Recovery 


| 


| 


Average Daily | Average Daily 
N Gain, Gm. 


Balance, Gm. 


+2.15 
+2.18 
+2.05 
+2.34 


Maximum Deviation 
from Control Base-line 


Total N 


Retention, Gm. 
Deviation, 


Gm./day (for 
the week) 


Week of 
Occurrence 


4th +1.95 
3rd +1.63 
4th +2.24 
4th +2.97 


below control levels so that nitrogen was 
then being stored. Maximum storage or 
retention occurred at the fourth recovery 
week. In the two subjects studied for six 
weeks in recovery, nitrogen excretion was 
again approaching control levels by the end 
of the sixth week. 

The total nitrogen losses during immobili- 
zation ranged from 29.8 Gm. to 83.6 Gm. 
(Table m.) The average of the total nitrogen 


cium excretion. The increase in fecal 
calcium excretion was variable but generally 
progressive, fecal calcium being greatest 
during the latter weeks of bed rest. 
Urinary calcium excretion began to 
increase on the second or third day of bed 
rest, that is, slightly preceding the increase 
in nitrogen excretion, and climbed gradu- 
ally, reaching a peak by the fourth to fifth 
week. This high level of urinary excretion 
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| | 
Total | Total | 
| | N Loss | N Loss | 
N (entire (first (first 
‘ ea” | period), | 2 wk.), | 3 wk.), | 
Gm. | Gm | Gm 
| | | week) 
E. M. +1.36 | 6 | —0.63 83.6 40.3 | 58.3 | 2nd —3.55 
Cc. O. +1.54 6 | +0.83 | 29.8 10.3 16.7 | 3rd | —0.91 
A. S. +1.18 7 +0.25 | | Mm 
S. W. +0.60 7 —0.54 55.9 20.7 | 38.4 2nd | —2.78 
| | | 
Subject | No. of Weeks | | 
| 
| | | | | 
E. M. 4 | 0.79 | 22.1 | 
Cc. O. 3 0.64 | 13.4 
: A. S. | 6 0.87 | 36.5 | 
S. W. 6 | | 1.74 73.1 
| | 
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was more than double the control period 
levels in all four subjects and was main- 
tained in a more or less plateau manner 
similar to that described by Howard®® in 
patients with fractures. The maximum ex- 
cretion in the urine ranged from 140 to 
594 mg. per day (for a three to four-day 
pool) with an average maximum of 342. 

Calcium excretion (urinary and _ total) 
decreased slowly in recovery, continuing to 
exceed control levels during the first three 
weeks. Calcium excretion continued to 
decrease thereafter, minimum excretion 
occurring during the fifth and sixth recovery 
weeks in the two subjects studied for this 
length of time. Subject S. W. exhibited 
marked calcium retention during the fifth 
and sixth weeks in recovery and had not 
returned to control levels at the end of the 
sixth week. 

The pattern and extent of the calcium 
changes are shown in Figure 2 and Tables 
Iv and v. Total calcium losses ranged from 
8.95 to 23.9 Gm. and averaged 14.1 Gm. 
(These calculations include the first three 
recovery weeks since calcium excretion still 


exceeded control levels during that time.) 
Among the factors that influence the 
solubility of urinary calcium are urine 
volume, urinary pH and urinary citric acid 
concentration. The importance of the dilu- 
tion factor and of acidity of the urine in 


favoring calcium solubility is well recog- 
nized. The significance of urinary citric 
acid has been more recently appreciated; 
this influence resides in the formation of the 
weakly ionized and very soluble calcium 
citrate complex. Some evidence for the 
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Fic. 2. Effect of immobilization on the calcium 
metabolism of four normal male subjects. 


protective action of citric acid has been 
shown by Shorr, Almy, Sloan, Taussky and 
Toscani*® in ambulatory patients in whom 


TABLE IV 
CALCIUM METABOLISM—TOTAL CALCIUM LOSSES RESULTING FROM IMMOBILIZATION AND MAXIMUM 
DEVIATION FROM CONTROL BASE-LINE (AVERAGE OF LAST FOUR CONTROL WEEKS) 


Control 


Immobilization 


Recovery 


Maximum Deviation 


from Control Base-line Total 


Subject 


Average 
Daily 
Balance, 
(last 
4 wk.), 
Gm. 


Average 
Daily 
Balance, 
Gm. 


Average 
Daily 
Ca Loss, 


Total 
Loss in 
Immo- 

bilization, 
Gm. 


Week of 
Occur- 
rence 


Deviation, 


| Gm./day 


(for 
the wk.) 


Additional 
Ca Loss 
(first 
3 wk.), 
Gm. 


Calcium 
Loss, Gm. 


+0.131 
+0.130 
+0.162 
+0.081 


—0.028 
—0.118 
+0.006 
—0.299 


—0.280 
—0.329 
—0.312 
—0.543 


AMERICAN JOURNAL OF 


MEDICINE 


1.0 P 
N 
— 
6 
4 
: Toutpyr 
S.W. 
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| 
No. 
of Wk. | 
Gm. 
| 
E. M. 6 0.159 6.68 5th 8.95 
GC. ©. 6 0.248 10.42 5th 2.04 12.46 
A. S. 7 0.156 7.65 6th 3,59 11.24 
S. W. 0.380 18.62 | 7th | § 25 23.87 
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TABLE 
CHANGES IN URINARY CALCIUM EXCRETION RESULTING FROM IMMOBILIZATION 


| 
Control Immobilization 


Average Total Maximum Urinary Calcium 
| Daily Urinary 


Base-line |, Daily | Calcium Loss | Deviation 


Urinary | Urinary | Loss 
(above | Maximum from 
Calcium, Calcium, (above control Wk. of ° 
| Cen for Week, Control 
xm. /day 7m. base-line), ccurrence Reso-dine, 


| base-line), 
Gm./day 


Subject 


0.050 | | 0.069 
0.116 0.219 
0.123 | | | 0.126 
0.213 0.364 


CONTROL SED REST RECOVERY 


ITRIC ACID 


o- 


WEEKS 
Fic. 3. Effect of immobilization on the urinary excretion of calcium and citric acid and on urinary pH 
in four normal male subjects. Daily calcium intake was 0.852 Gm. for subject E. M., 0.920 Gm. for 
subjects C. O., A. S. and S. W. 
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Fic. 4. Effect of immobilization on the urinary excretion of phosphorus of four 
normal male subjects. Daily phosphorus intake was 1.50 Gm. for subject E. M., 
1.64 Gm. for subjects C. O., A. S. and S. W. 


variations in calcium excretion are paral- 
leled by proportional variations in the 
excretion of citric acid. 

Despite the fact that urinary calcium 
levels were doubled, factors influencing 
urinary calcium solubility showed little or 
no change. During immobilization urine 
volumes increased only slightly, the average 
daily urine volumes averaging 235 cc. higher 
during immobilization than during the 
control period. The urinary pH rose be- 
tween 0.1 and 0.2 units during immobiliza- 
tion. The citric acid excretion failed to show 
any compensatory rise. (Fig. 3.) No red 
blood cells or calcium phosphate crystals 
were found in frequent microscopic ex- 
aminations of the urines. 

3. Phosphorus: During the control periods 
the subjects remained in positive phosphorus 
balance. During immobilization there was 
an increase in both urinary and _ fecal 
phosphorus excretion, the increase in fecal 
phosphorus being small and variable. Uri- 
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nary phosphorus excretion (Fig. 4) began to 
increase during the first week of immobiliza- 


TABLE VI 
PHOSPHORUS METABOLISM—TOTAL PHOSPHORUS LOSSES 
RESULTING FROM IMMOBILIZATION AND MAXIMUM 
DEVIATION FROM CONTROL BASE-LINE (AVERAGE 
OF LAST FOUR CONTROL WEEKS) 


Control Immobilization 


Maximum 
Deviation 
from Control 
verage li 
Daily nel Total Base-line 

Bal- No. Daily Average Loss in 
Bal. | Daily | Immo- 
ance fe) biliza- 
(last | Weeks | ance, | Loss, | bi 
4 wk.) Gm. tion, | Week tion, 
Gm. of Gm./ 
Gm. Occur- |day (av. 
rence | for the 
wk.) 


Subject 


—0.373 
—0.319 
—0.188 
—0.125 
—0.243 
—0.370 
—0.356 


| 13 
900 co. 
8007E.M. 
700 
1250 
j \ 
1150 — 
1050 
850 
750 
E. M. +0.328| 6 +0.058} 0.270 | 11.34 2nd 
Cc. O. +0.278) 6 :+0.145} 0.133 5.60 4th 
A.S. {+0.245) 7 0.116 5.69 3rd 
6th 
S. W. |+0.169 0.239 | 11.70 3rd 
7th 
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tion and reached a peak at the second to 
third week; this peak coincided rather 
closely with the peak of nitrogen excretion. 
Urinary phosphorus then decreased some- 
what but demonstrated a second peak of 
excretion at the sixth to seventh week. This 


CONTROL 


REST 


measured phosphorus losses in each subject 
were as follows: The theoretical phosphorus 
loss exceeded the measured phosphorus 
loss by 19.5 per cent for C. O., 14.5 per 
cent for A. S. and 5.1 per cent for S. W.; 
for E. M. the theoretical phosphorus loss 


RECOVERY 


&--8 NITROGEN 
o—o SULPHUR 
&--- POTASSIUM 


WEEKS 


Fic. 5. Effect of immobilization on the urinary excretion of nitrogen, total sulfur 
and potassium of four normal male subjects. 


second peak occurred at a time when 
calcium excretion was at its highest level. 
In recovery, urinary phosphorus fell rapidly 
and phosphorus retention took place during 
the third, fourth and fifth recovery weeks. 
Excretion returned to control levels in the 
sixth recovery week. 

Total phosphorus losses ranged from 5.6 
to 11.6 Gm. (Table vi.) Discrepancies 
between theoretical phosphorus losses (cal- 
culated from nitrogen and calcium) and 


was 23.4 per cent less than the measured 
loss. There was fairly good agreement from 


week to week between measured and 
theoretical phosphorus losses. 

4. Total sulfur: The average ratio of 
urinary total sulfur to urinary nitrogen in 
the four subjects during the last five control 
weeks was 1:15.8. This ratio of sulfur to 
nitrogen was maintained quite constantly 
throughout the immobilization and recovery 
periods. (Fig. 5 and Table vu.) 
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The sulfur in these ratios is slightly less 
than in the generally accepted sulfur- 
nitrogen ratio of muscle of 1:14. However, 
the close correlation of the sulfur excretion 
with nitrogen from week to week during 
immobilization suggests a sulfur-rich source 
of the excreted nitrogen, presumably muscle. 


CONTROL BED REST 
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100 C. 
80 EM. 
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40) 


was only 5 to 8 per cent and the day to day 
coffee intake was quite constant. 

During the control period the subjects 
were approximately in potassium equilib- 
rium. During immobilization potassium 
excretion increased, total losses based on 
variations from control base line excretion 


RECOVERY 


\ 


WEEKS 


Fic. 6. Effect of immobilization on the percentage of fed creatine retained in 
creatine tolerance tests in four normal male subjects. The test dose of creatine 


was 1.32 Gm. 


5. Potassium: Potassium balance data 
were not strictly accurate because of minor 
variations in the daily potassium intake. 
The discovery that ordinary beverage coffee 
contains appreciable amounts of potassium 
(89 mg. per 100 cc. by our analysis, 88 mg. 
per 100 cc. by McCance and Widdowson!® 
in a five-minute infusion), made it evident 
that the daily intake was actually 200 to 
300 mg. higher than was indicated from the 
diet analyses. This additional potassium 
intake from coffee was estimated to be 
0.25 Gm. and this value was added to the 
potassium intake figures. The general con- 
clusions regarding the effect of immobiliza- 
tion upon potassium metabolism are be- 
lieved not to be invalidated because the 
increase in potassium intake from coffee 


AMERICAN JOURNAL OF MEDICINE 


ranging from 4.2 to 14.2 Gin. The increase 
in potassium excretion occurred only in the 
urine (Fig. 5), fecal potassium remaining 
unchanged. In recovery, all four subjects 
developed positive potassium balances and 
in the two subjects studied for six weeks in 
recovery, potassium balances were still © 
strongly positive at the sixth week. The 
total amounts of potassium retained by 
these two subjects in six weeks recovery 
more than doubled the amounts they lost 
during immobilization. 

6. Sodium: Sodium balances were carried 
out on the second pair of subjects. The total 
sodium excretion was slightly increased 
during immobilization and fell slightly 
below control levels during recovery. The 
principal change occurred in urinary sodium; 
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actually, the amounts of sodium in the 
feces (which were less than 0.2 Gm. daily) 
tended to be reduced during immobilization. 

In the first subject (A. S.), the sodium 
balance was +0.46 Gm. per day during 
control, shifted to +0.17 during immobili- 


a considerable fall during immobilization. 
(Fig. 6.) All control period tests showed 
greater than 80 per cent retention (well 
within the normal range). During immobili- 
zation there was a gradual fall in retention, 
the minimum ranging from 11 to 70 per 


TABLE Vu 
RATIO OF URINARY NITROGEN TO URINARY TOTAL SULFUR 


Subject E. M. Subject C. O. Subject A. S. Subject S. W. 


Av. Av. Av. Av. Av. | Av. 
Daily | Daily Daily | Daily Daily | Daily 
Urinary} Urinary Urinary| Urinary Urinary Urinary 
Nitro- | Total Nitro- | Total 


Periods Daily | Daily 
Urinary) Urinary 
Nitro- | Total 


Nitro- | Total 
S, gen, = gen, S, 


Contro]l—ast four| 
weeks 


Average of con- 
trol weeks. ... 
Immobilization 
ist WkK...... 
2nd wk.... 
3rd wk. 
4th wk. 
7th wk 
Recovery 
1st wk 


4th wk. 


* 4 days. 


zation and to +0.71 in recovery. In the 
second subject (S. W.), sodium balance was 
+0.16 Gm. per day in control, —0.02 dur- 
ing immobilization and +0.34 in recovery. 

7. Creatine metabolism: Urinary creatinine 
excretion remained quite constant through- 
out all periods of study. There were day 
to day fluctuations at a low level in crea- 
tine excretion (dietary intake was not 
creatine-free) but no significant shifts oc- 
curred from one period of study to the next. 
However, tests of creatine tolerance showed 


cent with an average minimum retention 
of 29 per cent. During recovery the tests 
gradually improved and reached normal 
levels at the end of the third week. 

8. 17-ketosteroids: Changes in 17-keto- 
steroid excretion varied considerably from 
subject to subject. (Table vu.) One subject 
(E. M.) showed a variable fall in 17-keto- 
steroids during immobilization which ap- 
peared to be significant. ‘Two subjects 
(C. O. and S. W.) showed small increases 
during immobilization. The increase in 
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| 
Av. Av. 
| Ratio | Ratio 
ign, | 8 | | gen, | 
Gm. | Gm. | | Gm. | 
| 
“4 | | | | | | 
| ; ? } | | | | 
11.12 | .724 | 15.38] 11.20 | -.708 | 15.83] ..... | .... | .....] 12.84] .815 | 15.76 
11.11 | .733 15.16] 11.57 | .685 | 16.89] 12.31 | .854 | 14.42] 13.08 | .856 | 15.29 
11.36 | .726 | 15.66] 11.68 | .720 | 16.23] 10.73 | .683 | 15.70] 12.68 | .815 | 15.56 
11.79 .721 | 16.34) 11.92] | 16.46] 11.32 | .705 | 16.07) 12.10 | .750 | 16.12 
11.35 | .726 | 15.64] 11.59 | .710 | 16.35) 11.45 | 747 | 15.40] 12.67 | 809 | 15.68 
13.51 | .837 | 16.17} 12.42 | .707 | 17.58] 11.46 | .673 | 17.03] 12.93 | .798 | 16.21 
. 14.62 | .877 | 16.68] 12.29 | .731 | 16.80] 12.80 | 783 | 16.34] 15.44 | 1.010 | 15.30 
13.86 .875 | 15.84) 12.57 | .698 | 18.00] 12.70 | .816 | 15.57/ 15.04 | .933 | 16.12 
12.44 | .747 | 16.67] 11.97 | .711 | 16.84] 11.83 | .740 | 16.00 13.56 | .887 | 15.30 
12.37 | .765 | 16.17] 12.38 | .753 | .817 | 15.52) 13.30 | .857 | 15.52 
12.32 | .732 16.83] 12.47 | .740 16.86| 12.21 | .796 | 15.34] 12.70 | .848 | 14.98 
| | | | | 
12.04 | .757 | 15.92) 12.33 | .738 | 16.72| 11.87 | .768 | 15.44] 12.68 | .829 | 15.30 
2nd wk......| 10.49 | .590 | 17.78} 10.38 | .662 | 15.70] 11.22 | .733 | 15.33) 11.47 | .753 | 15.24 
3 3rd wk | 9.96 | .605 | 16.47) 9.45 | .622 | 15.20] 10.78 | .680 | 15.84] 9.81 | .610 | 16.06 
9.07 | | 15.62} 10.46%] .636 | 16.44] 9.32 | .593 | 15.69] 9.62] .612 | 15.72 
| | | 9.69 | .663 | 14.60] 10.28 | .700 | 14.70 
| | | | | | 10.22 | .620 sien iets | .693 | 15.86 
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S. W. is probably significant; in C. O. it is 
questionable. The fourth subject (A. S.) 
showed a fairly constant 17-ketosteroid ex- 
cretion throughout the experiment. During 
recovery no significant changes took place 
other than a gradual return to control levels 
of excretion. 


variation in the excretion values throughout 
the study and by the irregular appearance 
of equally high peaks of excretion during 
both the control and immobilization phases. 
There was no apparent correlation between 
the excretion of glycogenic corticoids and 
nitrogen or 17-ketosteroids. 


TABLE VIII 
URINARY 17-KETOSTEROID EXCRETION (ANALYSES OF SEVEN-DAY PCOLED URINE SPECIMENS) 
AND COMPARISON WITH TOTAL NITROGEN EXCRETION 


Subject E. M. 


Subject C. O. 


Subject A. S. Subject S. W. 


Periods 


17-Keto- 
steroids, 
mg./day 


Nitrogen 
Total 
Excretion, 


17-Keto- 
steroids, 
mg. /day 


Nitrogen 
Total 
Excretion, 


Gm./day 


17-Keto- 
steroids, 


Nitrogen 
Total 
Excretion, 
Gm./day 


17-Keto- 
steroids, 


Nitrogen 
Total 
Excretion, 
Gm./day 


Control—last six 
weeks 


Average of last four 
control weeks... 
Immobilization 


Average of immo- 
bilization period 
Recovery 


9. Adrenal corticoids (by Dr. Konrad Do- 
briner): During the first three weeks of 
immobilization in both subjects there was 
a definite although variable increase in 
urinary corticoids. Interpretation is com- 
plicated, however, by the considerable 
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10. Other factors in the urine: During the 
last four control weeks the’ average daily 
urinary output among the four subjects was 
1,684 cc., during immobilization 1,919 cc. 
and 1,819 cc. during the first four recovery 
weeks. The daily fluid intake was not fixed 


= 
Gm. /day mg. /day mg./day 
9.50 12.52 11.70 12.13 13.86 14.03 
11.00 12.13 9.62 12.92 8.85 13.75 8.10 13.82 _ 
10.98 11.95 9.80 12.66 9.65 14.04 
10.90 11.94 9.85 12.82 9.55 14.13 8.82 14.27 
11.90 12.39 10.10 12.78 9.27 12.55 9.20 13.74 , 
10.65 12.55 9.52 13.23 9.90 13.04 10.70 13.22 
ist week. ...... 9.88 14.40 9.26 13.71 10.32 13.54 10.01 14.00 
2nd week...... 8.55 15.74 10.90 13.50 10.34 14.51 12.39 16.60 
3rd week. ......| 8.95 14.77 12.25 13.79 9.85 14.56 12.10 16.35 
4th week.......| 6.02 13.45 10.05 13.23 9.42 13.75 | 11.45 14.74 
5th week.......| 10.50 13.47 12.32 13.56 8.12 14.43 | 11.30 14.52 
6th week. ...... 7.10 | 13.27 11.88 3.73 9.40 14.43 | 11.90 14.02 
7th week....... on 9.22 13.93 12.10 14.48 
po 8.50 14.18 11.11 13.59 9.52 14.16 11.61 14.96 
ist week........ 7.44 12.94 10.14 13.51 8.83 13.59 11.97 13.90 
2nd week...... 9.16 11.46 9.77 11.96 9.25 13.09 9.70 12.86 
Sed week....... 9.50 10.95 10.40 11.25 10.98 12.79 10.50 11.24 
4th week....... 11.00 10.24 11.70* Meesrg 8.93 11.00 9.15 10.85 
Sth week... 8.50 11.46 8.08 11.46 
Average of recovery 
se 9.27 | 11.40 10.36 12.24 9.32 12.36 | 9.77 12.07 
| 
* 4 days. 
. 
‘ ~ 
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but the subjects were asked to take a mini- 
mum of 2,000 cc. The intake actually 
ranged between 2,000 and 2,400 cc. through- 
out all periods of study and averaged 2,069 
cc. during control, 2,051 cc. during immo- 
bilization and 2,140 cc. during recovery. 


performed at weekly intervals throughout 
the experiments showed a decline during 
immobilization, ranging from 1.0 to 4.3 
calories per sq. m. per hour, averaging 2.4. 
This represents a reduction in basal heat 
production or oxygen consumption ranging 


TABLE IX 


EFFECT OF IMMOBILIZATION 


UPON SERUM CALCIUM LEVELS 


Control 


Last Four Immobilization Weeks and First Two Recovery Weeks 


Recovery 


No. of 
De- 


termi- 


Range and 
Average 
Value, 
mg./100 cc. 


Range and 
Average of 
last 4 Wk., 


na- 
mg./100 cc. 


No. of De- 
termina- 
tions Serum Ca 
higher than : 
11.5 mg./100cc. Maximal Value 


mg./100 cc. 


Range and 
Average of 
last 4 Wk., 
mg./100 cc. 


Maximal Week of Oc- 


currence of 
Value, 


11.2 11.6 
(11.0-11.4) (10.9-12.0) 
10.9 11.4 
(10.5-11.6) (9.5-12.7) 
11.0 11.8 
(10.7-11.2) (11.1-12.3) 
10.5 11.9 
(10.2-10.8) | (10.7-12.6) 


| 


5th immobili- 
zation (10.6-11.7) 
1st recovery 10.5 


2nd recovery 10.9 
(10.8-11.0) 
2nd recovery 10.9 
(10.2-11.7) 


There were no significant alterations in 
urinary specific gravity measured daily 
throughout the experiments. 

11. Blood chemisiry studies: There were no 
significant changes during the experiments 
in the blood levels of total proteins, phos- 
phorus, sodium or potassium. 

During the last three weeks of immobili- 
zation and first two recovery weeks two or 
more serum calcium levels in each of the 
four subjects were found to be higher than 
the generally accepted high normal value of 
11.5 mg. per cent. (Table 1x.) The maximum 
serum calcium levels in three of the subjects 
were 12.7 (C. O.), 12.3 (A. S.) and 12.6 (S. 
W.) mg. per cent; these maximum values 
were all found in the second recovery week. 
In A. S. and S. W., single values of 11.9 
mg. per cent were found early in the control 
period. The maximum serum calcium value 
in E. M. was 12.0 mg. per cent and occurred 
in the fifth immobilization week. 

B. Physiological Studies. 1. Basal metab- 
olism: ‘Tests of the basal metabolic rate 


from 3.1 to 11.5 per cent, averaging 6.9 per 
cent. In recovery, the basal metabolic rate 
returned to control levels within three to 
four weeks. 

2. Muscle strength: ‘Tests on the ergometer 
showed decreases in muscle strength during 
immobilization; these decreases were more 
marked in the immobilized leg muscles 
than in the other muscle groups tested. 

Strength of the biceps muscle groups 
tested by the flexed arm pull showed an 
average decline among the four subjects of 
6.6 per cent. Strength of the shoulder and 
arm muscles tested by the straight arm pull 
showed an average decline of 8.7 per cent. 
Decline in the strength of the anterior tibial 
muscle groups in the foot pull ranged from 
7.8 to 20.6 per cent with an average decline 
of 13.3 per cent. Decline in the strength of 
the gastrocnemius-soleus muscle groups 
ranged from 11.8 to 31.0 per cent with an 
average decline of 20.8 per cent. In re- 
covery, it required approximately four 
weeks for muscle strength to return to 
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eS No. of 
Subject | ‘De De- 
| termi- termi- 
na- 
| tions | a tions 
B.M.| 5 | 4 | 12.0 | 
Gols ] 3 | 12.7 | 
| 2 | 4 | 12.3 
2 | | 2 | 12.6 
| | | 


Effects of Immobilization—Deitrick et al. 19 


control levels. Measurements of the strength 
of the grip and of abdominal and back 
muscles revealed no significant decreases 
at the end of the immobilization period. 

3. Girth of extremities: In the first pair of 
subjects, measurements were made of the 
girth of the arms. The decrease in girth 
resulting from immobilization amounted to 
approximately 2 per cent for both upper 
arms and forearms. 

Measurements of the girth of the thighs 
and calves were made in all four subjects, a 
more accurate measuring device being 
employed in the second pair. In the first 
pair of subjects, the decrease in the circum- 
ference of the thighs was 5.0 per cent for 
E. M. and 2.1 per cent for C. O. In the 
second pair of subjects the decrease in the 
circumference of the thighs was 3.6 per 
cent for A. S. and 4.8 per cent for S. W. 

Decreases in the circumference of the 
calves were 5.5 and 6.0 per cent respectively 
in the first pair of subjects and 5.6 and 6.3 
per cent in the second pair. When these 
decreases in the girth of the calves are 
transposed into decreases in the cross sec- 
tional area, a better conception of the 
extent of muscle atrophy is obtained; the de- 
creases in the cross sectional area amounted 
to 4.2 to 10.0 per cent for the thighs and 
9.7 to 12.5 per cent for the calves. If it is 
supposed that no appreciable volume de- 
creases were occurring in any structure in 
the legs other than muscle, it is evident that 
an appreciable extent of muscle atrophy 
took place. 

In the recovery period, five to six weeks 
was required for the legs to return to their 
original circumference. 

4. Tilt table: Immobilization brought 
about a definite deterioration in the me- 
chanisms essential for adequate circulation 
in the erect position. Within one week of 
the time immobilization was _ instituted, 
there began to develop an_ increasing 
tendency of the subjects to faint during tilt 
tabie tests. 

Analysis of tilt table tests and correlation 
of data on pulse rate and blood pressure 
with the observed general reactions of the 
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subject, indicated that the pulse pressure 
was the most important factor involved in 
the response of the circulation to tilting. 
With the subject standing in the upright 
position on the tilt table, it was found that 
when the pulse pressure became reduced to 
between 10 and 12 mm. of mercury a critical 
level was reached at which circulation 
became impaired, dizziness and pallor ap- 
peared and fainting followed shortly there- 
after. The degree of change in pulse pressure 
also correlated closely with the subjects’ 
reactions. Next in importance were fall 
in systolic pressure and degree of change in 
pulse rate. Graybiel and MacFarland,*! in 
an analysis of tilt table tests on ninety-one 
normal individuals, concluded that pulse 
pressure and fall in systolic pressure were 
the most important factors denoting a 
failing circulation. 

Figure 7 shows the percentage change 
from the resting levels of pulse rate and pulse 
pressure, resulting when the subjects were 
tilted to 65 degrees feet downward for 
twenty minutes. A normal, healthy indi- 
vidual accustomed to upright activity (as 
exemplified by our subjects during the 
control period), when tilted for twenty 
minutes will exhibit an increase in pulse 
rate and decrease in pulse pressure of 40 to 
70 per cent from levels obtained in the 
resting horizontal position. ‘The graph shows 
that during immobilization the changes in 
pulse rate and pulse pressure on tilting be- 
came more marked (generally greater than 
70 per cent) and an increased frequency of 
fainting in tilt table tests developed. For 
one subject (S. W.), who fainted during 
nearly every test, the method of charting 
has been altered so that the minutes re- 
quired to faint are plotted on the ordinate 
line. During immobilization this subject 
fainted at much shorter intervals of time. 

Toward the end of the immobilization 
period all four subjects developed purpuric 
hemorrhages about the feet and ankles in 
the tilt table tests. These hemorrhages ex- 
tended to the knees in one subject and to the 
mid-thigh in another. (Platelets were abun- 
dant in the blood smears throughout the 


1 
{ 
af 


20 


experiment. The prothrombin time was not 
altered significantly. Rumpel-Leeds 
tourniquet test on the arm was normal. The 
average daily vitamin C intake was 144 mg.) 

Some of the underlying factors in this 
circulatory deterioration during immobili- 
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of the immobilization period when S. W. 
was fainting during tilt table tests con- 
sistently after six minutes, tilt table tests 
were performed on four successive days. On 
the first and third days, tests were performed 
with his legs wrapped firmly in Ace ban- 


RECOVERY 


RATE 
INCREASE 

0---07,PULSE PRES- 

SURE DECREASE 


P< XK KKK OX 


6 WEEKS 
*= ABDOMEN BOUND 
WITH ACE BANDAGES 


<= DID NOT FAINT 


+=LEGS BOUND WITH 
ACE BANDAGES 


Fic. 7. Effect of immobilization on the responses of pulse rate and pulse pres- 
sure to tilting to 65 degrees feet downward for twenty minutes in four normal 
male subjects. The chart also shows for each test the number of minutes in the 


tilted position required for fainting to occur; 


an ‘‘x”’ indicates that on that 


test the subject remained in the tilted position for more than twenty minutes 
without fainting. For subject S. W., who fainted on nearly every test, the 
method of charting has been altered so that minutes required for fainting to 


occur are plotted on the ordinate line. 


zation were explored. Experiments carried 
out on S. W., and shown in Figure 7, 
would seem to indicate that the legs are 
probably the principal vascular area in 
which important changes occur. At the end 


dages from the feet to the groin; during 
these tests he was able to stand for more 
than twenty minutes without fainting. On 
the second and fourth days, tests were done 
in the usual fashion without bandages; 
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during these tests he fainted in ten and nine 
minutes. Wrapping the abdomen tightly in 
Ace bandages had no effect upon the sub- 
ject’s reaction to tilting; during this test 
S. W. fainted in six minutes. 

Measurements of the circumference of the 
legs during tilt table tests were carried out 
on the second pair of subjects. Measure- 
ments were made in the horizontal position, 
immediately after assuming the tilted posi- 
tion, at the end of the period of tilting and 
immediately after resumption of the hori- 
zontal position. Differences in these four 
observations were used to calculate changes 
in circumference due to (a) venous engorge- 
ment and (b) increases in extravascular 
fluid. In subject A. S., who stood for twenty 
minutes in all tilt table tests, comparison 
of the values obtained in control period 
tests with those of immobilization period 
tests suggested that during bed rest there 
was a greater increase in extravascular fluid 
and a greater progressive increase in venous 
engorgement than occurred in tests during 
the control period. In S. W., who fainted 
much more rapidly on tests during immo- 
bilization, a greater increase in extravascu- 
lar fluid took place during immobilization 
within five minutes of tilting than occurred 
in thirteen to twenty minutes of tilting in 
control period tests. 

Recovery from the type of circulatory 
deterioration demonstrated by tilt table tests 
took place approximately three to four 
weeks after the subjects became ambulant. 

5. Blood volume: The decline in plasma 
volume in the four subjects at the end of 
three weeks of immobilization ranged from 
120 to 320 cc., averaging 191 cc. or 6.3 per 
cent. Decreases in total blood volume 
ranged from 180 to 366 cc., with an average 
decrease of 275 cc. or 5.4 per cent. During 
the remaining three to four weeks of the 
immobilization period the blood volume 
tended to return toward control levels; there 
was an average increase of 121 cc. in plasma 
volume and 111 cc. in total blood volume 
by the end of immobilization. In the 
recovery period, the plasma and total blood 
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volumes returned to control levels within 
three to four weeks. 

6. Circulation time: Measurements of the 
speed of the circulation from arm to tongue, 
arm to perineum and arm to feet by the 
decholin and macasol methods showed no 
changes during the immobilization period. 

7. Blood coagulation studies: Coagulation 
times by the Lee-White method done on 
blood from arm veins showed no significant 
changes as a result of immobilization; 
indeed, coagulation times tended to be 
slightly longer during the bed rest period. 
Prothrombin time determinations, per- 
formed on the second pair of subjects, 
showed a slight prolongation of questionable 
significance during immobilization. 

8. Exercise tolerance tests: Master tests, 
performed in the control period and again 
in recovery as soon as the subjects were 
ambulant, showed marked decreases in 
exercise tolerance as a result of immobiliza- 
tion. Increases in pulse rate and systolic 
blood pressure after exercise were consider- 
ably greater following immobilization. In 
general, from three to six minutes were 
required for the pulse and from five to 
seven minutes for the systolic pressure to 
return to pre-exercise levels; whereas in 
control period tests using the same number 
of climbs, two minutes or less was usually 
required for the pulse and four minutes or 
less for the systolic pressure to return’ to 
pre-exercise levels. 

Schneider tests showed significant de- 
clines in scores in all four subjects following 
immobilization. The average of pre-immo- 
bilization scores was +9 points, the average 
following immobilization was +3. The 
range of decline in scores was 4 to 9 points, 
averaging 6 points. Four to six weeks of 
recovery were required for the Master and 
Schneider tests to return to control period 
levels. 

9. Heart size: 


X-rays of the chest by 
standard chest technic, taken every three 
weeks throughout the studies, showed con- 
siderable variation in the apparent size of 
the heart and no evident tendency toward 
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reduction in the size of the heart during the 
immobilization phase. 

10. Electrocardiograms: There were minor 
changes during immobilization in electro- 
cardiograms taken with the subjects in the 
usual resting, horizontal position. The rate 
was slightly increased and there were minor 
reductions (1.0 to 1.5 mm.) in the amplitude 
of the IT waves in the second and third 
leads. No other significant changes were 
noted which could not be attributed to the 
slight increase in rate. 

Electrocardiograms were made in con- 
junction with tilt table tests in the second 
pair of subjects. Records made while the 
subject was being tilted showed the follow- 
ing changes during the immobilization 
period: increase in rate in both subjects; 
slight reduction in the height of R,; and T, 
and deepening of S; in one subject (A. S.) 
and reduction in height of T, in the other 
subject (S. W.). These changes in the form 
of the electrocardiogram disappeared during 
the recovery period. 

11. Resting pulse rate and blood pressure: 
During immobilization there was an aver- 
age increase among the four subjects in 
resting pulse rate of 3.8 beats per minute, 
ranging from 1.6 in one subject to 8.3 in 
another. During the first three weeks of 
recovery there was an additional average 
increase of 4.7 beats per minute. From the 
third recovery week the resting pulse rate 
declined toward the control level. In the 
first pair of subjects (recovery period four 
weeks), the resting pulse rate had not 
returned to the control level at the end of 
the fourth week; in the second pair of sub- 
jects, the rate had almost returned to the 
control level at the end of the sixth week. 
There were no significant changes in the 
resting arterial blood pressures. It has been 
supposed that the blood pressure fell during 
long periods of bed rest; actually, in this 
experiment systolic blood pressures during 
immobilization averaged 2.0 mm. higher 
than the control period resting systolic 
pressures. 

12. Hematocrits and “‘blood counts’: No 
significant changes attributable to bed rest 


occurred in hematocrits or in white cell 
counts, red cell counts or hemoglobin 
determinations. In the first pair of subjects, 
blood volume determinations were _per- 
formed every two weeks and blood was 
drawn for chemistry at weekly intervals; 


TABLE X 
CHANGES IN BODY WEIGHT 


| Control | Immobilization Recovery 


Subject Weight 


| 
| 


the estimated average weekly blood loss was 
70 cc. This may have contributed to a 
gradual fall in hematocrit in this pair of 
subjects throughout the entire four and one- 
half months of the experiment of 3 volumes 
per cent in one subject and 4 volumes per 
cent in the other. In the second pair of 
subjects on whom blood chemistry and blood 
volume determinations were done less fre- 
quently, there was a gradual fall in hemato- 
crit of 1 and 2 volumes per cent respectively. 

13. Respiration studies: There were no sig- 
nificant changes during immobilization in 
determinations of vital capacity (subject 
horizontal), ventilation at rest, maximum 
ventilation capacity, breath holding and the 
Flack test. It is of interest that although 
maximum ventilation capacity was unim- 
paired during immobilization, more sub- 
jective effort seemed to be required to 
achieve the same result as was obtained 
during the control period. The subjects 
became red-faced and definitely fatigued 
after performing the test during the latter 
part of the immobilization period. 

14. Body weight: The body weight changes 
during the various periods of study are given 
in Table x. The changes were small during 
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| | 
(last of Change, of | Change, 
| 4wk.), | Wk. | Kg. | wk. | Kg. 
| Kg. | 
E.M.| —0.9 4 | 41.3 
C.O.| 40.4 6 | 41.6 | 3 | +0.8 
A.S. | —0.4 | 7 | +1.0 6 | +1.9 
S.W. | —0.9 7 | —0.7 | 6 | +1.1 
| 
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each period. During immobilization two 
subjects gained weight and two subjects lost 
weight. All four subjects gained weight in 
recovery. 

15. X-rays of the skeleton: X-rays were 
taken of the spine and long bones at three- 
weck intervals on the first pair of subjects. 
No detectable change in bone density took 
place during the experiment. 


PSYCHOBIOLOGIC EFFECTS OF IMMOBILIZATION * 


The four subjects of this experiment, none 
of whom had a major psychiatric disorder, 
were studied to determine the psychobi- 
ologic effects of immobilization. Data was 
collected from psychologic examinations, 
psychiatric interviews and recordings of the 
subjects’ daily experiences. The list con- 
tained sixty-five items relating to physical 
and mental activity and energy, psycho- 
somatic reactions, mood changes, sleep and 
sexual activity and reactions to doctors, 
nurses and visitors. 

The data revealed that the reactions to 
immobilization were markedly variable 
from subject to subject, both in pattern 
and degree, and were predominantly ex- 
pressions of the subjects’ dominant person- 
ality factors. 

A subject’s immediate reaction to im- 
mobilization was similar to that which he 
experienced in other situations of stress and 
danger, each subject according to his own 
dominant personality traits. Thus, one sub- 
ject whose personality was marked by 
feelings of insecurity reacted with pre- 
dominant anxiety and dependency; another 
who was aggressive became hostile; a Nisei 
who had been trained to suppress all 
outward signs of emotion became placid. 
These reactions occurred during the two 
days when the cast was fitted, again during 
the first forty-eight hours of immobilization 
and once more during the first few days 
after the cast had been removed. They 


*From The Department of Medicine (Neurology), 
Cornell University Medical College. This work was 
carried out by Drs. Keeve Brodman and Bela Mittel- 
mann. 
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therefore appeared to be reactions to new 
and potentially dangerous situations. 

During the course of the six to seven 
weeks of immobilization each subject mani- 
fested, either overtly or indirectly, signs of 
anxiety, hostility, increased sexual tension 
and discomfort. Changes also took place 
during immobilization in mental activity, 
physical activity and the sleep pattern. The 
intensity of all these reactions and changes 
in behavior varied with the personality of 
the subject. Anxiety, hostility and sexual 
tension reached their individual maximums 
at varying periods in each subject. Com- 
plaints of physical discomfort (impaired 
sleep, stiffness and soreness of muscles) were 
frequent during the first one to two weeks. 
Thereafter, the subjects were relatively com- 
fortable and carried on activity, including 
reading and writing with moderate ease. 
It is to be noted that the Nisei, in keeping 
with his personality, made almost no com- 
plaints of discomfort. Sleep was improved 
over what it had been in the control period 
in the subject who reacted with dependency, 
was unchanged or slightly impaired in 
others. 

Among the physiologic changes observed, 
all four subjects had a slight decrease in 
appetite and a gradually increasing gen- 
eralized weakness with ease of fatigue on the 
slightest exertion (such as using the bedpan) 
In two subjects, there was a very slight 
tendency toward constipation; the other two 
subjects, who by personality were accus- 
tomed to setting patterns of behavior for 
themselves, set a routine of using the bed- 
pan every evening. In recovery, the sub- 
jects noted mild dizziness for one to two 
days and unsteadiness of the legs for six to 
eight days. Stiffness and even soreness of 
the joints, particularly the knees, which 
began mildly during the last two to three 
weeks of immobilization, was evident for 
three to six weeks in recovery. One subject, 
who had had an injury to one knee years 
previously, had soreness of both knees for 
three to four months. 

The inconveniences of the experimental 
procedure, with the exception of immo- 
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bilization in the cast, were accepted by all 
subjects with great equanimity; however, 
any disturbance of the good interpersonal 
relationship of the subject with the doctors 
or nurses immediately resulted in a violent 
reaction similar to what the subject experi- 
enced in a situation of stress or danger. 


COMMENTS 


The data presented in this study now 
make it possible to evaluate the potential 
contribution of immobilization per se to the 
variety of metabolic and physiologic changes 
which have been observed to be associ- 
ated with trauma and disease states in man. 

There have been several reports in the 
literature describing nitrogen and calcium 
losses following infectious diseases,*’»** frac- 
tures and surgical procedures®*-** and in 
metabolic disorders.**:*> The possibility that 
disuse atrophy from immobilization per se 
might contribute in any significant degree 
to these metabolic disturbances has been 
minimized or overlooked. ‘The con- 
ditions under which these patients were 
carried out did not permit a quantitative 
evaluation of the effects of disuse atrophy 
since they were limited to patients with 
traumatic or infectious disorders. 

A comparison of the data obtained in 
this study with those provided by a study on 
patients with a fracture permits such an 
evaluation. ‘The best comparative data are 
provided by the studies of Howard® since 
the extent and duration of immobilization 
was most nearly comparable to the condi- 
tions of our experiment. This investigator 
observed total nitrogen losses following a 
fracture ranging from 124 to 257 Gm., with 
an average loss of 190 Gm., during four to 
five weeks after the fracture in five otherwise 
healthy, young males. The total nitrogen 
losses of our four subjects over a similar 
period of immobilization were, on the aver- 
age, one-fourth to one-fifth as great. It is 
evident that immobilization of a healthy 
person provides a stimulus to increased 
nitrogen metabolism of an appreciable 
magnitude. Further comparison of How- 


ard’s patients with our subjects revealed 
differences in the tempo at which the in- 
crease in nitrogen metabolism occurred. 
Thus, following fracture the increase in 
nitrogen excretion occurred more rapidly 
than in the immobilized, healthy adult. 
After fracture the nitrogen losses were evi- 
dent within forty-eight hours and reached 
maximum values by the sixth day. In the 
healthy, immobilized subject, no increase 
in nitrogen excretion was evident before the 
fifth day and the maximum was not reached 
until the tenth day. It would appear that 
immobilization does not contribute to the 
early outpouring of nitrogen following 
trauma or operative procedures and has no 
disadvantageous effects on nitrogen metab- 
olism until after the first five or six days. 

As in the fracture cases studied by How- 
ard, there were considerable differences in 
the nitrogen losses between the individual 
subjects. The nitrogen losses ranged from 
30 to 84 Gm. These variations could not be 
correlated with differences in body type nor 
could they be related to differences in the 
state of nutrition of the subjects since all 
were in an excellent state of well being and 
nutrition. We were therefore dealing with 
different responses of the individual subject 
of quite another character than the varia- 
tions described by Munro and Cuthbertson*’ 
for rats in which the nitrogen losses after 
trauma could be regularly related to the pre- 
vious state of nutrition; rats debilitated by a 
protein-free diet failed to exhibit the rise in 
nitrogen excretion following fracture which 
was regularly observed in rats on an ade- 
quate protein intake. 

In view of the current trend of thought 
which would relate the nitrogen disturb- 
ances after disease states and trauma to 
alterations in the quality and quantity of 
the adrenal cortical steroidal hormones,® 
it is of interest that in only one of the subjects 
was there any correlation between nitrogen 
excretion and the urinary content of 17- 
ketosteroids. In two subjects in whom 
urinary glycogenic corticoid excretion was 
determined as well, no significant differ- 
ences were observed between the control 
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and immobilization periods. ‘These subjects 
exhibited neither the increase in urinary 
corticoids nor the decrease in 17-ketosteroid 
excretion required by this concept, with 
one exception. Subject E. M., who ex- 
hibited the maximal loss of nitrogen during 
immobilization, showed a decrease in 17- 
ketosteroid excretion from the control 
values of 11.1 mg. per twenty-four hours to 
an average value of 8.5 mg. per twenty-four 
hours during the period of immobilization. 

The nitrogen losses may now be con- 
sidered in relation to concomitant changes 
in phosphorus, potassium and sulfur metab- 
olism. ‘There was remarkably good agree- 
ment from week to week in the ratio between 
urinary sulfur and nitrogen excretion. ‘The 
ratio of nitrogen to sulfur was consistently 
that in which these substances are present 
in muscle protoplasm. The correlation be- 
tween nitrogen and phosphorus excretion 
was less good. In three of the subjects, 
nitrogen excretion during immobilization 
was significantly greater than was antici- 
pated from the phosphorus excretion not 
accounted for by calcium, assuming a ratio 
of nitrogen to phosphorus of 14.7 to 1. In 
the fourth subject, a discrepancy of about 
30 per cent existed in the opposite direction, 
1.e., less nitrogen was excreted than ex- 
pected from the concomitant excretion of 
phosphorus. There was a poor correlation 
between nitrogen and potassium metab- 
olism. ‘There was a tendency for potassium 
to move in the same direction as nitrogen 
and for the potassium balances to become 
negative during the period of immobiliza- 
tion; however, the quantitative relationships 
were not close, and there were wide week 
to week fluctuations in the potassium ex- 
cretion. In each of the four subjects, the 
theoretical nitrogen losses based on potas- 
sium excretion exceeded the measured 
nitrogen losses by 61, 46, 27 and 50 per 
ceni, respectively. 

Other metabolic studies have yielded 
equally divergent results with respect to the 
relation of nitrogen to phosphorus and 
potassium metabolism. In Benedict’s study 
of a fasting man, after an initial diuresis of 
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potassium and phosphorus, the potassium, 
phosphorus, sulfur and nitrogen losses 
occurred in the ratio in which these elements 
exist in muscle protoplasm. On the other 
hand, Howard’s fracture patients stored 
potassium while they were losing nitrogen 
and sulfur.* 

it is doubtful whether the data relating 
to nitrogen, phosphorus and sulfur metab- 
olism during immobilization can contribute 
anything of value to a discussion of the con- 
troversial subject of ‘“‘deposit’ protein’® 
versus structural or protoplasmic protein 
as the source of the nitrogen lost. ‘The 
studies of Schoenheimer and his associates, 
which have shown the presence of a dynamic 
equilibrium between the body proteins, 
tend to throw doubt on the existence of 
separate categories of proteins in the living 
organism. It is of interest that the nitrogen 
losses of well nourished individuals who had 
been receiving a more than adequate pro- 
tein diet were at all times accompanied by 
losses of sulfur in the approximate ratio in 
which these elements exist in protoplasm. 
Were there a separate compartment of 
labile deposit protein in. these subjects, it 
should be of considerable magnitude in view 
of their previous diet and should have been 
readily drawn upon during the period of 
nitrogen loss. Such a phenomenon would 
have manifested itself in a significant in- 
crease in the nitrogen-sulfur ratio during 
the immobilization phase. Actually, such 
increases in the nitrogen-sulfur ratio as 
were observed during the immobilization 
period over that of the control were ex- 
tremely small, of short duration and un- 
doubtedly not significant. 

It is unfortunately not possible to make a 
strict comparison of the total calcium losses 
of our subjects during immobilization with 
that exhibited by the group of fracture 
patients studied by Howard, inasmuch as 
the calcium intake of the latter group was 
not kept constant during the period of study. 
With these reservations in mind, the state- 
ment seems reasonably justified that over a 
corresponding period of time the average 
total excretion of calcium by the healthy, 
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immobilized adults was at least one-half 
that of the fracture group. As with the 
nitrogen excretion, there was a wide varia- 
tion between subjects as to the extent of 
calcium excretion during immobilization, 
two excreting calcium in amounts equal to 
those found in fractures. Only a very ques- 
tionable correlation could be made between 
calcium excretion and body type, the 
greatest losses occurring in the two tall and 
slender subjects. 

X-rays of the skeleton failed to show 
evidence of osteoporosis. This might be 
anticipated from the magnitude of the 
calcium loss which was equivalent to 1 to 
2 per cent of the total calcium content of 
the skeleton. It is estimated that at least 
10 per cent of the total skeletal calcium 
must be lost for x-rays to show evidence of 
decalcification. 

The alterations in urinary calcium excre- 
tion of immobilized healthy subjects and 
fracture patients are more strictly compar- 
able since -ne urinary excretion of calcium 
is not usually greatly altered by minor 
alterations in calcium intake. The maximum 
urinary calcium excretion range of seven- 
teen patients with fracture or osteotomy 
reported by Howard*® was 295 to 670 mg. 
per day with an average maximum of 510. 
The average maximum daily urinary excre- 
tion of the immobilized group was approxi- 
mately two-thirds that of the fracture group. 

These significant increases in urinary 
calcium excretion, which were far greater 
than the increases observed in fecal calcium, 
are of interest in relation to the problem of 
urinary tract stone formation. Stone forma- 
tion of the calcium phosphate variety often 
presents a major complication during im- 
mobilization, particularly of orthopedic 
patients. Major J. J. Joelson” reported 
that the incidence of nephrolithiasis at Crile 
General Hospital was 7 per cent in cases of 
fractured femur and 2 per cent in all ortho- 
pedic patients. Flocks’? has given the inci- 
dence as ranging from 5 to 15 per cent in 
orthopedic patients requiring extensive im- 
mobilization. Others have reported unof- 


ficially incidences as high as 25 per cent in 
patients with spinal cord injury. 

All of the changes observed during im- 
mobilization in the urinary constituents 
concerned with calcium phosphate solu- 
bility would favor the precipitation of 
calculi, except for the very slight rise in 
urinary volume. There was a definite and 
sustained rise of urinary pH throughout the 
immobilization period which is unfavorable 
for calcium phosphate solubility. The rises 
in urinary calcium and phosphate provided 
an additional tax on the urine to retain 
these electrolytes in solution. In the normal 
individual, a shift in urine toward the 
alkaline side and an increase in urinary 
calcium excretion is regularly accompanied 
by an increase in urinary citric acid.** This 
latter metabolite, by virtue of its capacity 
to form a poorly ionized, very soluble 
calcium-citrate complex, exercises a favor- 
able effect on calcium solubility. The 
absence of any increase in urinary citric acid 
during immobilization in the face of a higher 
pH and a greater content of calcium and 
phosphorus, deprives the organism of this 
protective device and favors calcium phos- 
phate precipitation. There is no explanation 
at present for the failure of urinary citric 
acid to rise during the hypercalcinuria and 
increased pH during immobilization. 

It is unlikely that this derangement is of 
clinical significance for short periods of 
immobilization since, although urinary cal- 
cium excretion began to increase promptly 
after the institution of immobilization, high 
levels were not reached prior to the third or 
fourth weeks. The possibility of urinary 
calculi formation would thus appear to be 
a hazard only to those patients immobilized 
for longer periods. Renal colic and hema- 
turia have seldom occurred during recum- 
bency in less than ten weeks.’* However, in 
the tropics, where urine volumes may be- 
come markedly reduced, large amounts of 
calcium phosphate sand and crystals were 
found within three to four weeks of im- 
mobilization in soldiers in North Africa with 
fractures and severe flesh wounds.” 
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The alterations in calcium excretion 
during immobilization were accompanied 
by slight rises in the level of the serum cal- 
cium which ranged from 0.8 to 2.1 mg. per 
cent. In every instance, the original levels 
were resumed during the last four weeks of 
the recovery period although in three in- 
stances the maximum values occurred 
during the first two weeks of the recovery 
period at which time calcium excretion had 
just begun to diminish. Alkaline phosphatase 
blood levels were not obtained. Howard®® 
reported a rise in alkaline phosphatase in 
only one of seventeen patients in his series; 
this was in a patient with a fracture caused 
by a bullet. 

The progressive reduction in creatine 
tolerance during immobilization is attrib- 
utable to the progressive development of a 
functional impairment of the capacity to 
store creatine which involved a fairly con- 
siderable mass of muscle. The explanation 
for the absence of significant changes in 
creatinuria on those days in which no 
creatine tolerance tests were carried out 
would appear to reside in the fact that the 
creatine in the diet did not exceed the 
capacity of the normal muscle mass in the 
unimmobilized portions of the body to 
retain the creatine. This is an explanation 
which is consistent with many observations 
which have shown that in patients with 
localized muscle defects, such as_ those 
which result from poliomyelitis, the presence 
or absence of creatinuria is dependent upon 
the proportion of damaged to undamaged 
muscle. However, the extra load imposed 
by the ingestion of 1.32 Gm. of creatine 
given on the test day exceeded the capacity 
of the muscle mass during the immobiliza- 
tion phase and served to unmask the muscle 
impairment of the immobilized areas. ‘The 
validity of the creatine tolerance test as a 
measure of functional or pathologic muscle 
damage has been well established for Graves’ 
disease, poliomyelitis and progressive mus- 
cular dystrophy. In the present study, it 
would indicate that a functional impairment 
in muscle creatine metabolism occurred 
during immobilization and was reversed 
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when the subjects were restored to fuil 
activity. This impairment in creatine me- 
tabolism was accompanied by a significant 
decrease in muscle mass and muscle strength 
in the immobilized limbs. The effect of 
immobilization on creatine tolerance ob- 
served in the present study would not appear 
to modify the interpretation of the test in 
Graves’ disease which does not involve the 
complete immobilization to which those in 
our study were subjected. 

The altered response of the circulation to 
the upright position as manifested by 
dizziness, unsteadiness and the tendency to 
faint has been experienced by many after 
even brief illnesses requiring bed rest. The 
results of the tilt table tests in this experi- 
ment indicate that bed rest is at least 
partially responsible for this type of circu- 
latory deterioration and that evidences of 
it may be detected within one week of the 
assumption of the recumbent position. 

The experiments in which fainting on the 
tilt table during immobilization was pre- 
vented by wrapping the legs in Ace band- 
ages and was not prevented by wrapping 
the abdomen, point to the legs as the princi- 
pal vascular area in which important 
changes occur. 

Some of the factors involved in the 
mechanism of gravity shock and the at- 
tempts at preservation of circulation in the 
upright position are peripheral arterial vaso- 
constriction, capillary permeability, venous 
tone, muscle tonus or intramuscular pres- 
sure as well as the total circulating blood 
volume. Investigation of some of these 
factors and their possible alteration during 
bed rest was attempted. 

One of the methods employed was meas- 
urement of leg circumference during tilting. 
Small and rapid changes in the size of the 
legs could be readily detected by the use of 
the device we have described. Analysis of 
the changes in leg circumference during and 
following tilting suggested that during the 
immobilization phase (as compared with 
the control period), there occurred both 
greater increases in extravascular fluid and 
greater progressive increases in venous en- 
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gorgement in the tilted position. These 
changes imply either impaired venous or 
leg muscle ‘‘tone” during immobilization 
or the participation of both factors. Intra- 
muscular pressures were not measured. 
However, the observed leg muscle atrophy 
may be relevant and it may have been 
responsible for lowered muscle tone and 
reduced support for the leg veins. 

The occurrence of purpuric hemorrhages 
about the feet and ankles in tilt table tests 
during immobilization is evidence of in- 
creased capillary wall fragility or per- 
meability. 

The changes in circulating blood volume 
brought about by immobilization were 
small and barely significant. ‘Taylor, Erick- 
son, Henschel and Keys’? have reported 
more marked changes in three weeks of 
bed rest in which their subjects were not 
immobilized and their dietary intake was 
reduced; they found an average plasma 
volume loss of 15.5 per cent and total blood 
volume loss of 9.3 per cent, approximately 
twice the change found in our subjects. 

Relative to the problem of phlebothrom- 
bosis, studies of blood coagulation (Lee- 
White coagulation time and prothrombin 
time) carried out on arm vein blood showed 
no increased tendency to coagulation as a 
result of immobilization. Indeed, Lee-White 
coagulation times tended to be slightly 
longer during the bed rest period. These 
findings suggest that in young, immobilized 
individuals, in the absence of disease, 
anesthesia or analgesics, there is no in- 
creased tendency of the blood of the general 
circulation to undergo coagulation. 

It was found that there was an average 
decline in basal metabolism of 6.9 per cent 
during the immobilization period. It may 
be safely assumed that the total energy 
metabolism of the subjects also declined to 
an even greater extent. From these con- 
siderations alone all subjects might have 
been expected to gain weight since the 
dietary intake was constant. On the other 
hand, there were parallel losses of nitrogen 
of considerable magnitude equivalent to 


calculated losses of muscle protoplasm 
ranging from 0.95 to 2.67 Kg. 

The actual weight changes were small. 
(Table x.) Two subjects gained and two 
lost weight during immobilization. C. O. 
gained 1.6 Kg. (his theoretical muscle 
protoplasm loss was 0.95 Kg.) and A. S. 
gained 1.0 Kg. (his theoretical muscle proto- 
plasm loss was 1.44 Kg.). E. M. and S. W., 
who lost greater amounts of nitrogen 
(theoretical muscle protoplasm losses, 2.67 
Kg. for E. M. and 1.79 Kg. for S. W.), lost 
1.2 and 0.7 Kg. in weight, respectively. 

These relatively small changes in weight 
are probably the result of the simultaneous 
loss of muscle protoplasm and storage of fat 
or carbohydrate. In three of the four sub- 


jects, definite development of fat folds in the 


abdominal wall was apparent at the end of 
the immobilization period. Measurements of 
changes in total body water were not carried 
out but during immobilization there was no 
storage of sodium or potassium such as 
would suggest retention of water. 

Although we have demonstrated certain 
detrimental effects of immobilization, par- 
ticularly in mineral metabolism and circula- 
tion, the effect upon basal metabolism 
gives support to the opinion that bed rest 
is beneficial in the treatment of tuberculosis. 
One of the principal reasons for the advo- 
cacy of bed rest therapy in this disease has 
been the inference that energy production 
is reduced during bed rest. The 6.9 per cent 
average decline in basal metabolism during 
immobilization in this experiment would 
indicate that there is a small but definite 
reduction in basal energy production during 
complete bed rest as well as a lowering of 
total energy production resulting from 
decreased activity. 

The long period required for the various 
metabolic and physiologic functions to 
become stabilized following immobilization 
was impressive. The recovery of metabolic 
functions in particular was sluggish. (Tables 
XI, XI, xm and xiv.) There was a pro- 
nounced retention of nitrogen and phos- 
phorus during recovery which continued for 
six weeks. Calcium metabolism appeared 
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to require even longer for readjustment. 
The highest serum calcium levels occurred 
during the first and second recovery weeks. 
The loss of calcium was still occurring three 
weeks after mobilization. Of the two subjects 
studied for six weeks after mobilization, cne 
still showed marked calcium retention at 
the end of that time. 

On the other hand, the impairment in 
creatine metabolism was repaired within 
three to four weeks and, in general, most 
of the physiologic functions appeared to be 
regained within this period. The basal 
metabolic rate, muscle strength, the reaction 
of the circulation to the erect position and 
the blood volume all returned to control 
levels in three to four weeks. Certain tests 
required a longer period for recovery. 
Exercise tolerance required four to six weeks 
and girth of the extremities five to six weeks; 
the reclining pulse rate had not yet returned 
to pre-rest levels after six weeks. 

In conclusion, we wish to emphasize 
that the undesirable effects of immobiliza- 
tion which have been demonstrated are to 
be anticipated only in very ill patients or in 
those who are immobilized due to trauma, 
surgical procedures, poliomyelitis and simi- 
lar disease conditions. Only a small per- 
centage of hospital patients are immobilized 
to the same degree as were the subjects in 
this experiment. From the results of this 
study there would seem to be little danger 
to the average patient from unrestricted 
bed rest for at least the first two to three 
weeks. The nitrogen losses, although defi- 
nite, were not marked; changes in calcium 
metabolism, muscle mass and strength were 
not pronounced until after the first two to 
three weeks; an increased tendency to 
coagulation of the blood of the general 
circulation was never demonstrated. 

However, for the patient rather rigidly 
immobilized and forced to remain so for 
several weeks, there appear to be certain 
hazards. The threat of urinary tract stone 
formation, the impaired response of the 
circulation to the upright position, the 
derangement in creatine metabolism and 
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loss of muscle mass and strength may be- 
come of real concern. 


SUMMARY 


A study of the effects of immobilization 
upon various metabolic and physiologic 
functions of four normal, -healthy, young 
men was carried out on a metabolism ward 
during control (five to seven weeks), immo- 
bilization (six to seven weeks) and recovery 
(four to six weeks) periods. Throughout the 
study, dietary intake was kept constant. 
During the immobilization period the sub- 
jects were placed in bi-valved plaster casts 
extending from the umbilicus to the toes. 

1. Nitrogen excretion began to increase 
on the fifth to sixth day of immobilization 
and reached its peak during the first half 
of the second week. Total nitrogen losses 
ranged from 29.8 to 83.6 Gm., and averaged 
53.6 Gm. 

2. Both urinary and fecal calcium excre- 
tion increased during immobilization, maxi- 
mum excretion being reached by the fourth 
to fifth week. Total calcium losses ranged 
from 9 to 23.9 Gm. The calcium content of 
the urine was doubled during immobiliza- 
tion. The absence of appreciable increase 
in urine volume, the slight rise in urinary 
pH and the failure of urinary citric acid to 
rise parallel with the increase in calcium 
would all favor the precipitation of calcium 
phosphate in the urinary tract. A slight 
elevation in serum calcium levels occurred 
at the end of the immobilization period. 

3. During immobilization there was an 
increase in the excretion of phosphorus, 
total sulfur, sodium and potassium. Total 
sulfur was excreted in the urine in close 
correlation from week to week with urinary 
nitrogen in the ratio in which these elements 
exist in muscle protoplasm. The changes in 
phosphorus excretion showed moderately 
good correlation with the changes in nitro- 
gen and calcium excretion. 

4. During recovery there was retention 
of nitrogen, calcium, phosphorus, sulfur and 
potassium. The recovery or return to control 
levels of metabolic functions was slow, 
retention of nitrogen and _ phosphorus 


-~ 
N 
‘ 
ay 


34 Effects of Immobilization—Deitrick et al. 


continuing for six weeks. Re-stabilization 
of calcium metabolism appeared to require 
more than six weeks. 

5. Although creatine and creatinine ex- 
cretion remained fairly constant, there was 
a definite lowering of creatine tolerance 
during immobilization. This impairment 
in creatine metabolism was accompanied 
by a significant decrease in muscle mass and 
muscle strength in the immobilized limbs. 

6. In only one subject was there a sig- 
nificant lowering of 17-ketosteroid excretion 
during immobilization; this subject also 
experienced the largest nitrogen losses. 

7. The decline in basal metabolic rate 
during immobilization averaged 6.9 per 
cent among the four subjects. 

8. Immobilization brought about a de- 
terioration in the mechanisms essential for 
adequate circulation in the erect position 
as indicated by an increased tendency to 
faint in tilt table tests. Experiments indi- 
cated that the legs were the principal site 
of changes responsible for this deterioration 
and suggested that increased venous en- 
gorgement, increased extravascular fluid, 
capillary fragility and impaired venous or 
muscle tone play a rdle. 

9. Other circulaotry changes brought 
about by immobilization were a decline in 
total blood volume averaging 5.4 per cent, 
marked decreases in exercise tolerance as 
measured by Master and Schneider tests 
and an increase in the resting pulse rate of 
3.8 beats per minute during immobilization, 
followed by an additional increase of 4.7 
beats per minute during the first three 
weeks of recovery. 

10. The recovery or return to control 
levels of most physiologic functions required 
three to four weeks; exercise tolerance and 
leg girth required four to six weeks and the 
reclining pulse rate more than six weeks. 

11. Changes in body weight during im- 
mobilization were small, probably as a 
result of the simultaneous loss of muscle pro- 
toplasm and storage of fat or carbohydrate. 

12. There were no significant changes 
due to immobilization in blood coagulation 
studies, blood circulation time, heart size, 


electrocardiograms, resting arterial blood 
pressure, hematocrits, blood counts, vital 
capacity, maximum ventilation capacity or 
breath-holding. 
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Experiences in the Management of 


Subacute Bacterial Endocarditis 


Treated with Penicillin’ 


A. M.D. and A. McGrHee Harvey, M.D. 
Baltimore, Maryland 


UMEROUS reports have been made 

in the literature concerning the 

treatment of subacute bacterial 
endocarditis with penicillin.'"? It appears 
that a majority of the patients with this 
disease can be cured of their infection if 
adequate dosage of penicillin is given for an 
adequate period of time. These results are 
in dramatic contrast to those achieved with 
any form of therapy hitherto employed. 
Recovery rate in sulfonamide-treated pa- 
tients was at best between 2 and 10 per 
cent,*?° little better than Libman’s esti- 
mated spontaneous recovery rate of 3 per 
cent.'' However, there are still many 
problems in the diagnosis, treatment and 
practical management of patients with this 
disease which are not yet fully understood 
or appreciated. Clinical recognition of 
bacterial endocarditis is frequently delayed 
for many months and bacteriologic diag- 
nosis may be very difficult. Complicating 
factors such as embolic phenomena, cardiac 
or renal insufficiency, acute rheumatic fever 
and sensitivity to penicillin may arise during 
the course of treatment and profoundly 
affect the result. ‘The constitution of ade- 
quate treatment has not been clearly 
defined and it becomes quite clear upon 
reviewing reported failures in treatment that 
many such patients have not been given 
adequate amounts of penicillin over a 
sufficient period of time. Present information 
concerning the progress and ultimate out- 
come of patients successfully cured of their 
infection by penicillin is inadequate. As 


large statistics obtained under uniform con- 
ditions are not yet available, it is hoped 
that this account of experiences in handling 
a group of patients with subacute bacterial 
endocarditis will add something to the 
present understanding of these problems. 

In any consideration of subacute bacterial 
endocarditis, it is important to point out 
that one is not dealing with a simple or 
primary disease process. It is an infection 
which is superimposed upon an underlying 
disease or abnormality and the resultant 
symptoms, physical alterations and clinical 
course will be the product of both processes. 
In any given instance, therefore, it may be 
difficult if not impossible to determine 
whether some particular clinical feature is 
due to the subacute bacterial endocarditis 
alone, or to the underlying process, or to a 
combination of the two. 


CASE MATERIAL 


Thirty-five cases constituted the group 
studied. All were admitted to the wards of 
the Johns Hopkins Hospital and represent 
an unselected group of consecutive patients 
in whom the diagnosis of subacute bacterial 
endocarditis was established. In addition to 
the usual supportive measures, penicillin 
was the only therapy employed. Anticoagu- 
lants were not used as there is very little 
evidence that they are beneficial in the 
treatment of bacterial endocarditis and 
there are indications that they may actually 
be 


* From the Medical Clinic, the School of Medicine, Johns Hopkins University and Hospital, Baltimore, Md. 
+ Clinical Fellow in Medicine, American College of Physicians, 1946. 
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Symptoms. ‘The symptoms presented by 
this group of patients are conveniently 
considered under three headings: (1) those 
secondary to bacterial infection; (2) those 
secondary to embolism and (3) those sec- 
ondary to cardiac disease. In Tables 1 and 
i1 some of the pertinent data of the clinical 
course of these patients are summarized. 

Of the three groups, symptoms arising 
from infection were by far the most com- 
mon. The disease almost always manifested 
itself insidiously so that it was sometimes 
many months before the patients recognized 
that their health was seriously affected. In 
many instances, mild feverishness was the 
only early symptom. Frank chills did not 
often accompany the feverishness but sweats 
and weakness frequently did. An appre- 
ciable loss of weight was noted by twelve 
patients. Joint pains, usually transitory and 
without marked local reactions, were present 
in about one-half of the group. In some 
instances, their presence could be ascribed 
solely to the bacterial infection while in 
others the possibility of a concomitant active 
rheumatic fever had to be considered. Vague 
musculoskeletal aching was mentioned less 
often. It is of some interest that the com- 
plaints of feverishness, weakness and mus- 
culoskeletal aching had led to the diagnosis 
of grippe in eight patients. 

The occurrence of embolism was responsi- 
ble for the major symptoms of eight patients. 
Two of these had a cerebral embolus, two 
developed temporary blindness, two had an 
embolus to an extremity and the remaining 
two had emboli to the spleen and kidney 
respectively. Eight patients noted petechiae 
in their skin or mucous membranes and a 
small group told of soreness in the tips of 
their fingers or toes or of small areas of 
transitory swelling and tenderness in the 
soft tissues of the extremities. 

Only a small number of patients had 
complaints indicative of cardiorespiratory 
difficulty. This confirms the rather impor- 
tant point that patients who develop sub- 
acute bacterial endocarditis frequently have 
only a minimal degree of cardiac disease. 
Fully two-thirds of our group of patients 


had either no history of heart disease or if 
evidences of heart disease were present 
they were minimal. Only ten patients had 
recognized cardiac disease at the time their 
illness began. 

Physical Examination. Weight loss and 
pallor were the most commonly encountered 
physical alterations, being present in almost 
all of the patients. Petechiae were observed 
in over 50 per cent of the group and there 
was a similar incidence of splenic enlarge- 
ment. It is perhaps wise to emphasize the 
converse of this statement, pointing out 
that in almost one-half of these patients with 
proven subacute bacterial endocarditis the 
spleen was never felt and petechiae were 
never seen. The liver was believed to be 
enlarged in seventeen instances. Only one- 
third of the patients had clubbing of the 
fingers or toes while tenderness of the toes 
and fingers was present in but a few indi- 
viduals. Seven patients had evidences of 
an acute arthritis. In many of the patients, 
the heart was thought to show some degree 
of enlargement although this clinical im- 
pression was not always confirmed by teleo- 
roentgenogram. Evidences of frank cardiac 
failure were observed in only eight of 
the patients. One patient had auricular 
fibrillation. 

The mitral valve was most frequently 
involved by the endocardial infection, 
twenty patients being considered to have 
only a mitral lesion, while a combined mitral 
and aortic valvulitis was present in nine 
instances. Two individuals were found at 
post-mortem to have vegetations on the tri- 
cuspid valve which had not been suspected 
previously. I'wo patients had a patent ductus 
arteriosus and one a patent interventricular 
septum. 

Laboratory Findings. A mild hypochromic 
anemia was usually present. It was seldom 
very marked. The white blood count was 
elevated in only a few instances. In view of 
the common impression that microscopic 
hematuria is a frequent and characteristic 
finding in subacute bacterial endocarditis, 
it is worth pointing out that fifteen of our pa- 
tients never developed this ‘inding although 
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the urine was examined on repeated occa- 
sions. The incidence of albuminuria and of 
white blood cells in the urine paralleled 
that of hematuria. The results of renal func- 
tion tests will be discussed at another point. 

In all but one instance, an organism was 
isolated from the blood stream and a posi- 
tive blood culture was obtained from this 
individual at another hospital prior to 
admission and inception of treatment here. 
The penicillin sensitivity of these organ- 
isms was determined in only one-half of 
the group and ranged from 0.0039 to 10 
units. 

Great care should be employed in carry- 
ing out bacteriologic examinations. Both 
aerobic and anaerobic cultures should be 
inoculated. Cultures should be taken at 
frequent intervals. They should be retained 
and reviewed for a period of not less than 
three weeks before they are considered 
sterile. In several of these cases, the cultures 
did not show any detectable growth until 
the second week and in one instance not for 
twenty-one days. When the diagnosis of 
subacute bacterial endocarditis seems rea- 
sonably certain from a clinical standpoint 
and yet there is difficulty in obtaining 
bacteriologic confirmation, mycotic organ- 
isms as well as unusual bacteria such as 
the genus Bacteroides should be searched 
for. There were three cases due to the latter 
organisms in this group of patients and the 
isolat‘on of the organisms depended upon 
long incubation of the cultures anaerobically. 

Clincal Course. ‘The majority of our 
patients were given penicillin by intermit- 
tent intramuscular injection usually at 
intervals of two hours. Although this mode 
of administration has well recognized dis- 
advantages, in the main it proved to be the 
most practical and the least distressing to 
the patient. However, there were instances 
in which such severe reactions developed at 
the point cf injection that a change to 
continuous intravenous administration was 
made. This technic was also used in a few 
individuals infected with a highly resistant 
organism for in such instances it was not 
feasible to achieve adequate penicillin levels 
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by the intramuscular route. Repeated 
venous thrombosis was the principal draw- 
back to this method. 

The immediate response to penicillin 
treatment was very striking when the dosage 
was adequate and when no complications 
appeared. Blood cultures usually became 
sterile within one to two days and rarely 
later than four to five days. Defervescence 
occurred customarily within three to four 
days with a concomitant fall in pulse rate. At 
the same time the patients rapidly developed 
a sense of well being, the sweats and 
anorexia steadily vanishing. Although gain 
in weight and elevation of the hemoglobin 
and red count were progressive, several 
weeks were required before normal values 
were reached. No significant alteration in 
the white blood count was noted as gen- 
erally the admission count was normal or a 
little depressed. In the few instances in 
which the white blood count was elevated 
before treatment, a rapid fall to normal took 
place. In several instances, the sedimenta- 
tion rate was still elevated at the time 
therapy was completed despite the fact 
that all other criteria indicated a successful 
result. In a few instances, embolic phe- 
nomena cuntinued to occur many weeks 
after the institution of apparently adequate 
therapy. As isolated occurrences, they were 
not believed necessarily to be evidences of 
inadequate treatment. 

In the successfully treated group, cardiac 
function was not appreciably altered during 
the course of therapy. There was a sub- 
sidence of the initial cveractivity which was 
so characteristic upon admissicn. One 
patient developed a paroxysm of auricular 
fibrillation and another several episcdes of 
auricular tachycardia. There were no sig- 
nificant changes noted in the size of the 
heart. There were no indications of progres- 
sive valvular damage except in one in- 
stance in which signs of aortic insufficiency 
appeared during the treatment of a young 
girl following ligation of an infected patent 
ductus arteriosus. 

Reference has already been made to the 
fact that a Jarge number of these patients 
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showed no evidence whatever of renal in- 
volvement. In most instances, a mild hema- 
turia and albuminuria were the only evi- 
dences of renal implication. Following 
treatment, these generally disappeared and 
of the group who made an apparent recovery 
from endocarditis only two patients mani- 
fested depression of renal function while 
another continued to have a trace of albumin 
and a few red blood cells in his urinary 
sediment. 

Complications Arising During Therapy. 
Complications which arose during the 
course of treatment of these patients can 
best be grouped and considered under the 
following headings: (1) those associated 
with cardiac failure; (2) those associated 
with embolism; (3) those associated with 
persistent bacteremia and (4) miscellaneous. 

In analyzing the occurrence of these 
complications, an attempt will be made to 
relate them to the adequacy or inadequacy 
of the treatment received. As will be made 
clear in the discussion, experience in treat- 
ing this group of patients has altered our 
concept of “adequate treatment.” It has 
become clear upon review that several of 
the patients originally considered ade- 
quately treated because they were receiving 
dosages commonly regarded as sufficient 
(500,000 units daily for three to four 
weeks) '* were in fact inadequately treated 
in the light of additional experience. 

Frank cardiac failure occurred in eight 
individuals. In two instances, therapy was 
considered adequate while in five it was 
deemed inadequate. Severe heart failure 
ending fatally developed in one individual 
after rupture of an aortic cusp prior to 
institution of therapy. Of the two patients 
who developed cardiac failure while receiv- 
ing adequate treatment, one was found at 
post mortem examination to have a myo- 
cardial infarction secondary to a mycotic 
aneurysm of one of the coronary arteries 
while the other was found to have a myo- 
cardial infarction secondary to thrombosis 
of an extremely sclerotic coronary artery. 
In addition, this latter patient also had 
rheumatic myocarditis. Three of the pa- 


tients receiving inadequate treatment were 
believed to have rheumatic myocarditis and 
in two! instances this impression was con- 
firmed at postmortem. The other two 
patients developed cardiac failure during 
the course of a severe Streptococcus fecalis 
endocarditis which was resistant to treat- 
ment. But for these latter cases, it would 
seem difficult to relate the onset of cardiac 
failure to inadequate treatment alone and 
one must conclude, therefore, that in a 
certain number of patients myocardial in- 
sufficiency will occur during the course of 
subacute bacterial endocarditis regardless 
of the amount of penicillin employed. This 
is attributable to the dual nature of the 
disease process. Although penicillin may be 
successful in abolishing the bacterial endo- 
carditis, it cannot be expected to alter the 
underlying cardiac abnormalities which 
may be responsible for the continued illness 
or ultimate death of the patient. 
Complications Arising from Embolism. The 
occurrence of emboli to the brain, lungs, 
kidneys, spleen and peripheral arteries was 
much more frequent in patients receiving 
inadequate therapy, eleven of such patients 
having major embolic episodes as opposed 
to only three who were undergoing ade- 
quate treatment. One patient had a cerebral 
embolus just before treatment was insti- 
tuted. Attention has already been drawn 
to the fact that in a few instances emboli 
continued to occur many weeks after ade- 
quate therapy was begun, one individual 
having a splenic infarction eighty-four days 
after commencement of treatment. The 
suggestion has been made that the institu- 
tion of penicillin treatment may be responsi- 
ble for a transient increase in the incidence 
of embolism as a result of the healing and 
organization of the affected endocardium. 
The fact that ten patients gave a history 
indicative of embolism prior to the recep- 
tion of any therapy as contrasted to four- 
teen patients in whom emboli occurred 
after treatment was started, while far from 
conclusive, would make it seem improba- 
ble that such an impression was valid. The 
only conclusion which can be drawn from 
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our experience is that the administration 
of adequate amounts of penicillin appears 
to decrease appreciably the occurrence of 
major embolism. 

Persistent Bacteremia. A persistent or re- 
current bacteremia was present during the 
course of treatment of six patients. As would 
be anticipated, none of these patients was 
receiving adequate treatment when this 
occurred. ‘T'wo of these infections were due 
to highly resistant strains of Streptococcus 
fecalis and although moderately large dos- 
ages of penicillin were used no response was 
obtained. They were listed as inadequately 
treated because no attempt was made to 
employ massive penicillin therapy such as 
was found to be effective in other highly 
resistant infections. However, it is quite 
clear that a more effective antibiotic agent 
is needed to combat Streptococcus fecalis 
endocarditis. A recurrent bacteremia oc- 
curred twice during the course of treatment 
of one patient and three times in the course 
of another. In all instances, there was a 
satisfactory response to penicillin once ade- 
quate dosage was established and there was 
nothing to indicate that subeffective dos- 
ages of penicillin had increased significantly 
the bacterial resistance of the organisms in 
these cases. 

Miscellaneous Compiications. Azotemia and 
reduced renal function were important 
complications encountered in seven patients. 
Three of this group were found at autopsy 
to have renal infarctions and infarctions 
were also found in a fourth when a neph- 
rectomy was done subsequently to remove 
a functionless kidney. ‘The kidneys of another 
patient at autopsy revealed many hyalinized 
glomeruli, extensive interstitial infiltration 
and atrophy, and disappearance of tubules 
and scarring. The sixth in the group, al- 
though apparently recovering from the 
infection, had at the time of discharge a 
phenolsulfonphthalein excretion of 35 per 
cent and a urea clearance cf 35 per cent 
with inability to concentrate the urine above 
1.018. The last patient died with evidence 
of progressive renal impairment but the 
exact nature of his nephritis was not deter- 
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mined. In none of these instances was there 
any apparent correlation between the 
development of renal complications and 
the adequacy of treatment nor did the 
length of time the infection had existed 
untreated seem to be significant. 

One patient developed a marked degree 
of icterus terminally and autopsy disclosed 
severe chronic passive congestion with 
marked central necrosis of the liver. Another 
patient was found at autopsy to have ex- 
tensive hemorrhagic pancreatitis which 
had not been suspected during life. The 
endocardial infection was not thought to 
have played a part in its causation. 

Particular note should be made of a 
relatively minor but none the less important 
complication which occurred in two patients. 
A marked inflammatory reaction with 
necrosis of the muscles developed at the 
sites of penicillin injection, associated with 
moderate elevation of the temperature and 
general malaise. For a short time this syste- 
mic reaction was misinterpreted as evidence 
of reactivation of the endocarditis. 

Results of Treatment. ‘The overall mor- 
tality of this group of thirty-five patients 
with subacute bacterial endocarditis was 
37 per cent. However, when nine patients 
whose treatment was considered to. be 
definitely inadequate were omitted from 
the series, the mortality was reduced to 
20 per cent. ‘Thus, 80 per cent of the patients 
given adequate therapy recovered from 
the infection. 

It is of interest to compare the apparent 
causes of death of the adequately and in- 
adequately treated patients. Of the ade- 
quately treated group, the pulmonary 
arteries of one individual were found at 
autopsy to be filled with emboli originating 
from vegetations on the tricuspid valve. 
Another patient had a massive subarach- 
noid hemorrhage. The remaining two 
patients had extensive myocardial infarc- 
tion, in one instance due to occlusion of a 
sclerotic coronary artery and in the other 
secondary to a large mycotic aneurysm of 
one of the coronary vessels. ‘The important 
observation was made at autopsy that all 


a 
» ~ 


46 Subacute Bacterial Endocarditis— Tumulty, Harvey 


four of these patients showed evidence of 
an active bacterial endocarditis, and this in 
spite of therapy which had been considered 
adequate by clinical criteria. Only one of 
the group showed evidence of active rheu- 
matic myocarditis. The death of six of the 
nine inadequately treatec “ents was 
attributed to cardiac failure ce of these 
were thought at autopsy is have acute 
rheumatic myocarditis and, in addition to 
this, the myocardium of one individual was 
studded with multiple small abscesses. 
Another of the group was found to have a 
ruptured aortic cusp. Four of these patients 
had a persistent bacteremia and two of 
them had multiple emboli to the brain, 
spleen and kidneys. The last patient in the 
group died following rupture of an aneu- 
rysm of the superior mesenteric artery. 
Again, it is important to point out that all 
but one of this group manifested at the time 
of death an active bacterial endocarditis, 
either by the presence of persistently positive 
blood cultures or by the findings at autopsy 
examination. 

In considering the causes of death in the 
adequately and inadequately treated pa- 
tients, one is struck by the fact that, but for 
the instances of rheumatic myocarditis and 
of myocardial infarction secondary to coro- 
nary sclerosis, the deaths are all attributable 
at least indirectly to a persistence of the 
bacterial infection. This conclusion is self- 
evident in those patients who had a continu- 
ation of bacteremia and highly probable 
in those who died as a result of embolism 
which we have noted is of more frequent 
occurrence when therapy is inadequate. 
Thus, the two major causes of death in this 
group of patients were the character of the 
underlying cardiac disease and a persistence 
of the bacterial endocarditis. Several of 
these patients might have been saved had 
the antibiotic treatment been more intensive. 

Age, sex and race could not be said to 
have an important influence upon the 
results of therapy. There was some indica- 
tion that a long interval of time between 
onset of symptoms and commencement of 
treatment was more likely to result in 


cardiac insufficiency than was a short 
interval. However, there were several ex- 
ceptions, individuals with very long-stand- 
ing infections having an entirely successful 
response to treatment. Eight patients had 
been given one or more courses of inade- 
quate treatment at another hospital prior 
to admission. The organisms of five of this 
group were found to be more resistant than 
average but this apparent decreased sensi- 
tivity did not militate against a successful 
recovery of three of the patients who were 
given large dosages of penicillin. The other 
two who received inadequate treatment 
died. It would seem, therefore, that while 
one or more courses of ineffective treatment 
may give rise to more highly resistant strains 
of organisms, such infections can still be 
overcome provided an adequate amount of 
penicillin is given. 

There was nothing found in this study to 
indicate that the particular valve involved 
by the bacterial endocarditis made a dif- 
ference in the result. Two of the four ade- 
quately treated patients who died were 
found to have vegetations on the mitral 
valve alone, one showed involvement of 
both aortic and mitral valves, and the 
fourth involvement of the tricuspid valve. 

The Streptococcus fecalis manifested the 
highest degree of penicillin resistance, 
a resistance which became progressively 
greater as treatment progressed. Both pa- 
tients infected with this organism died. How- 
ever, as already pointed out, neither of 
these patients was given the massive amounts 
of penicillin which were later found effective 
in relatively resistant infections. 

Thus, in reviewing the results achieved 
in treating this series of patients, it becomes 
apparent that success or failure was deter- 
mined principally by the character of the 
underlying disease process and of the ade- 
quacy of treatment given. While other 
factors undoubtedly play a part, the major 
therapeutic concern is that adequate peni- 
cillin be given for a sufficient period of time 
and prior to the development of unalterable 
cardiac abnormalities. 
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Follow-up. While it has become appar- 
ent that penicillin is a very effective agent 
in overcoming the infection in most cases 
of bacterial endocarditis, little is known as 
yet about the progress of such ‘‘cured”’ 
patients over a period of years. To what 
extent does eliminating the infection cure 
the patient and return him to health? What 
residuals does a successfully treated sub- 
acute bacterial endocarditis leave and to 
what degree do they interfere with normal 
cardiac function? Only a post-treatment 
observation period of long duration can 
give satisfactory answers. The problem is 
clearly complicated by the difficulty of 
estimating how much disability has been 
produced by the bacterial infection and 
how much by underlying disease processes. 
Twenty of the twenty-two patients who 
were seemingly cured of their infection 
have been adequately followed since dis- 
charge from the hospital. Eight were followed 
for a period less than six months. During 
this period four individuals remained en- 
tirely well while one complained of mild 
exertional dyspnea and another has devel- 
oped progressive cardiac enlargement and 
symptoms of increasing myocardial failure. 
One died. He was a forty-six year old white 
male who was given 73,000,000 units of 
penicillin over a period of sixty-three days 
in treatment of a Bacteroides infection of 
the mitral valve with what appeared to be 
a complete recovery. His course had been 
complicated by moderate depression of 
renal function. Following discharge, he got 
along well on limited activity until five 
months had elapsed when he rapidly de- 
veloped signs and symptoms of myocardial 
and renal insufficiency and died in acute 
pulmonary edema with azotemia. Post 
mortem examination revealed scarring of 
the mitral and aortic valves due to rheu- 
matic fever. There was an entirely healed 
erosion with calcification of one cusp of the 
mitral valve with no evidence of an active 
bacterial endocarditis. In addition, there 
was an infarction of the right lower lobe of 
the lung thought secondary to embolism 
arising from mural thrombi found in the 
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right side of the heart. Infarcts were also 
present in the spleen. There was an ex- 
tensive interstitial nephritis which has 
already been described. Death was thought 
due to heart failure and pulmonary infarc- 
tion. Three patients were followed from six 
to twelve months, one having mild dyspnea 
on exertion and the others remaining well. 
Two individuals were well after a period of 
eighteen to twenty-four months. Seven 
patients have been observed from twenty- 
four to thirty-six months. Four are free of 
symptoms while three complain of mild 
exertional dyspnea. Special mention should 
be made of the only post-treatment recur- 
rence which occurred in the entire series. 
The patient was a twenty-six year old white 
female with an undifferentiated alpha- 
streptococcal infection of the mitral valve 
who was initially given 4,200,000 units of 
penicillin over a twenty-one-day period 
with apparent complete subsidence of 
infection. However, four months later she 
again became symptomatic and_ blood 
cultures showed growth of an alpha-strepto- 
coccus. Alpha-streptococcus was also grown 
from the socket of an abscessed tooth which 
was extracted. She was then given 7,600,000 
units of penicillin over a twenty-one-day 
interval with clearing of the infection and 
she appeared to be well, except for mild 
exertional dyspnea, when twenty 
months later. Thus, in the twenty patients 
considered cured of their infection and ade- 
quately followed over an interval of three 
to thirty-six months, there was only one 
death and one recurrence of infection (or 
perhaps reinfection), both occurring within 
six months after completion of therapy. 
Another patient is showing progressive 
cardiac enlargement and insufficiency.'More 
than one-half the remainder are entirely 
well and the rest have evidences of only mild 
to moderate cardiac insufficiency. 


COMMENTS 


The importance of early diagnosis now 
that effective treatment is available is obvi- 
ous. Although successful therapeutic 
result may be achieved despite a long 
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lapse of time between the onset of the 
disease and the commencement of treat- 
ment, continuation of the infection may 
result in irreparable damage to the heart or 
kidneys or allow the occurrence of fatal 
cmboli. The sooner the infection can be 
}nought under control the better the pa- 
tient’s chances for a complete recovery. ‘The 
diagnosis of subacute bacterial endocarditis 
is oftentimes a difficult one to make. The 
classic features of the disease are frequently 
absent and the presenting manifestations 
may lead one to suspect a variety of other 
illnesses. The symptoms arising from the 
infection have a non-specific character and 
one may easily misinterpret their true sig- 
nificance unless there is a high index of 
suspicion of subacute bacterial endocarditis. 
Embolic occurrences may be distracting and 
may lead the observer far afield from the 
true cause of the patient’s malady. The 
evidences of cardiac disease may be minimal. 
While the physical changes may suggest an 
endocardial infection, the abnormalities are 
often not characteristic of the disease and 
the true nature of the illness may be obscure 
despite a meticulous physical examination. 
The diagnosis of subacute bacterial endo- 
carditis can be made at an early date only 
when the observer appreciates the serious 
implications of a persistent, unexplained 
fever in any patient with congenital or 
valvular heart disease and the proper 
bacteriologic studies are performed. 

The goal of any therapeutic regimen is 
the cure of the maximum number of pa- 
tients and not the determination of the 
smallest amount of an agent which will be 
effective in the majority of the cases. With 
this idea in mind, the present concepts of 
what constitutes adequate treatment of 
subacute bacterial endocarditis should be 
reviewed. ‘Taere can be no doubt of the 
efficacy of penicillin therapy in the treat- 
ment of this disease when it is caused by 
organisms sensitive to this antibiotic. The 
chief problem is to determine a program 
of treatment with penicillin which will be 
successful in curing the maximum number 
of patients. It is quite likely that such a 


program might entail overtreatment in a 
few instances but, until means are at hand 
of singling out such particular cases, the 
only safe plan to adopt is one which will be 
successful even against the most resistant 
infections. Certainly at the present time, 
there is no entirely satisfactory way of 
determining before treatment how readily a 
particular patient can be cured of his infec- 
tion. Hence, it does not seem extravagant 
to overtreat some patients in order to 
assure adequate treatment for all. As has 
been stated, 80 per cent of the patients who 
were adequately treated recovered from 
their infections while inadequate therapy 
was found to be one of the major causes of 
death in this series. It cannot be overem- 
phasized that evidence of active bacterial 
endocarditis was found upon autopsy ex- 
amination of three of the patients who died 
while receiving treatment which was re- 
garded as adequate. It is therefore apparent 
that one should critically appraise present 
criteria of therapeutic adequacy. 

Our experiences led us to adopt 100,000 
units given intramuscularly every two hours 
as the basic treatment schedule. This regi- 
men was amplified by increasing amounts 
of penicillin as seemed warranted by 
individual circumstances. 

Several factors seemed to be of impor- 
tance in determining the effective penicillin 
dosage. Of these, the penicillin sensitivity 
of the organism was of help in affording an 
approximation of the penicillin level which 
would be required to achieve a successful 
result. However, too much confidence could 
not be placed in this single factor. As now 
performed in vitro, this test does not accu- 
rately reduplicate conditions in vivo and the 
results may be misleading. A few of our 
patients infected with organisms which 
were thought to be highly resistant had an 
excellent response to average therapy and 
the opposite was also true. Sterilization of 
blood cultures was also of only limited value 
for this was usually readily achieved and at 
times in the face of obvious evidences of 
continued infection. The concentration of 
penicillin in the blood required to affect 
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the organisms present in the vegetations on 
the heart valve may be considerably greater 
than that required to render the blood 
stream free of bacteria. It becomes obvious 
that reliance cannot be placed on the results 
of laboratory examination alone as the 
determinants of penicillin requirements. 
The best indication of effective therapy 
proved to be a return of temperature and 
pulse to normal, gain in weight, absence of 
sweats, the sense of well being of the pa- 
tient, the subsidence of embolic phenomena, 
elevation of the red count and hemoglobin 
toward normal. Thus, it is only by clinical 
observation of the patient’s general condition 
that one can satisfactorily determine whether 
or not an established regimen is adequate. 

The sensitivity of the infecting organism 
having been determined, patients were 
started upon a therapeutic regimen which 
was Calculated to afford a constant peni- 
cillin blood level several times greater than 
the in vitro sensitivity. To just what extent 
the blood levels should exceed the in vitro 
sensitivity in order to produce maximal 
therapeutic effectiveness is still an unsettled 
question. We attempted to maintain a level 
five times the sensitivity and this appeared 
to be quite adequate. 

Once a patient had been started upon a 
penicillin regimen determined in this man- 
ner, his course was followed closely from 
day to day and if there was failure to 
achieve any of the effects mentioned above 
as indications of therapeutic effectiveness, 
appropriate daily increments of penicillin 
dosage were given. This process was con- 
tinued until a satisfactory response was 
obtained. In one instance, 20,000,000 units 
a day were given before the results were 
deemed satisfactory. In those instances in 
which there was no determination of zn vitro 
bacterial sensitivity, the initial dosage was 
1.2 million units a day. Thus, the deter- 
mination of adequate penicillin dosage in 
subacute bacterial endocarditis is to a 
certain extent a matter of clinical trial and 
error. Chief reliance in gauging the ade- 
quacy of any given treatment schedule 
should be placed upon the general condition 
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of the patient and not upon such factors as 
bacterial sensitivity or penicillin blood 
levels. Such a scheme of dosage, based 
primarily upon clinical evidence of satis- 
factory response, will at times entail the 
administration of massive amounts of peni- 
cillin but we are convinced that only by so 
doing can one save patients who might 
otherwise be lost through employment of a 
more conservative dosage plan. ‘The patient 
in this series who recovered after receiving 
1,450,000,000 units of penicillin is a case in 
point. 

When treatment has been started and all 
clinical evidences of active infection have 
disappeared, it is extremely difficult to 
know when a cure has been effected and 
treatment may be halted. Within certain 
limits of dosage, the duration of treatment 
is just as important as the total amount of 
penicillin given each day. Using a total 
dose of 5,000,000 units given in courses 
lasting five, ten and twenty days, Christie? 
has shown that the percentage of cures was 
0, 25 and 50 per cent respectively. On the 
other hand, when the duration of treatment 
was uniformly twenty-eight days and the 
daily dosages were 100,000, 250,000 and 
500,000 units, recovery rates were 43, 51, 
and 61 per cent respectively. Premature 
discontinuance of treatment may therefore 
result in failure regardless of the daily 
quantity of penicillin employed. It is true, 
as has been mentioned, that a recurrence of 
bacteremia does not necessarily militate 
against a successful outcome following an 
additional course of treatment. The devel- 
opment of a significant increase in bacterial 
resistance in subacute bacterial endocarditis 
is apparently unusual."? But as we have 
seen, continuance of infection means that 
there is much more opportunity for the 
development of irreparable cardiac and 
renal damage and for the occurrence of 
embolism which may be fatal. It is impos- 
sible at the present time to set a time limit 
for the administration of penicillin but the 
experience of finding evidence of continued 
bacterial infection in patients thought to 
have been treated for an adequate period 


» 
— 
\4 
\ 
{ 
' 


50 Subacute Bacterial Endocarditis— Tumulty, Harvey 


(four to five weeks) has led us to the belief 
that therapy should be continued over a 
period of at least two months after all 
evidences of active infection have subsided. 

Commencement of penicillin treatment 
at an early date is of obvious importance. 
Should one, therefore, wait for establish- 
ment of a definite diagnosis by positive 
blood cultures? As has been pointed out, 
bacterial confirmation may require three 
or four weeks. Three of the early cases in our 
series clearly demonstrate what may happen 
during such a delay. In one patient, rupture 
of the aortic valve led to acute cardiac 
failure and death before treatment was 
begun. In the other two instances, penicillin 
administration was interrupted to obtain 
further cultures when those taken before 
therapy had failed to reveal an organism. 
The patients developed an exacerbation of 
the infection with progressive cardiac in- 
sufficiency and died. 

On the other hand, initiation of treat- 
ment when one has no knowledge of the 
responsible organism and its sensitivity to 
various antibiotic agents has its disad- 
vantages and dangers. Once the patient 
has been committed to a course of penicillin 
therapy, he is due for an experience which 
is going to be both expensive and unpleas- 
ant. Drug sensitization may ensue. Further- 
more, the premature use of the drug may 
obscure the clinical picture so completely 
that the clinician does not know with what 
he is dealing. Without bacteriologic con- 
firmatior, not only is it more difficult to 
establish an adequate dosage schedule but 
one cannot be certain that the most effective 
antibiotic agent is being employed for there 
are instances of bacterial endocarditis in 
which streptomycin is the antibiotic of 
choice.'®'® This consideration will assume 
greater importance as new antibiotic agents 
are introduced. The decision of when to 
start therapy demands careful clinical 
judgment. The benefits and danger of delay 
must be balanced one against the other. 
Certainly a period of delay, during which 
intensive bacteriologic studies are made, is 
advantageous provided the general condi- 


tion of the patient does not contraindicate 
it. However, if bacteriologic confirmation 
is not obtained after a reasonable period of 
time and if sound clinical opinion arrives 
at a diagnosis of bacterial endocarditis, 
treatment should be commenced without 
further delay with the assurance that the 
majority of patients with curable endo- 
carditis will respond to a_ therapeutic 
regimen as here outlined and the conviction 
that to delay is to foster the development of 
irreparable disease. 

As a corollary to what has just been said, 
antibiotic therapy should not be given to 
patients having congenital or valvular heart 
disease for the treatment of a bacterial infec- 
tion such as pneumonia until blood cultures 
have been obtained. Such individuals may 
have a latent bacterial endocarditis which 
might otherwise be obscured by the initia- 
tion of antibiotic therapy. This was brought 
forcibly to our attention in four individuals 
who developed endocarditis during an 
episode of pneumococcal meningitis. 

During the process of healing of the 
bacterial lesion on the valve, rupture or 
fenestration of a leaflet may occur. It also 
seems reasonable to assume that cardiac 
overactivity may be a determining factor in 
the occurrence of embolism. ‘Therefore, 
during treatment and for at least one month 
thereafter every effort should be made to 
reduce the demands on the circulation to a 
minimum by limiting the activity of the 
patient. It is of particular importance in 
endocarditis of the aortic valve when 
rupture of a partially healed cusp is ob- 
served not infrequently at postmortem. 

Consideration of adequate prophylaxis 
against the development of subacute bac- 
terial endocarditis is as important as the 
proper treatment of the established infec- 
tion. Attention has often been called to the 
frequent occurrence of transient bacteremia 
following dental extraction and the conse- 
quent development of bacterial endocarditis 
is well recognized. Six of the patients in this 
series had the onset of their infections 
following extraction of teeth. However, not 
so well recognized are the potential dangers 
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of obstetric, gynecologic, urologic or other 
surgical procedures both major and minor. 
Two of these patients developed endocardi- 
tis after an abortion, one following manipu- 
lation of a fractured femur, one after a 
hemorrhoidectomy and one post partum. 
Hence, it seems obvious that adequate 
prophylaxis must be employed when any 
procedure, major or minor, is undertaken 
which might result in a transient bac- 
teremia. Such prophylactic treatment must 
be given even to individuals with minimal 
evidence of valvular heart disease. Since the 
organisms producing bacterial endocarditis 
have a widely varying sensitivity to peni- 
cillin, it would seem wise to employ at least 
500,000 units of penicillin daily as a pro- 
phylactic measure. Even this dosage may 
be inadequate protection against such 
organisms as the Streptococcus fecalis. The 
period of administration should be for not 
less than four days following the procedure. 

In addition to antibiotic prophylaxis, 
attention should be called to the importance 
of searching for and eliminating all foci 
which might serve as a reservoir of infection 
or reinfection. One of these patients had a 
recurrence several months after what seemed 
to be a successful course of treatment. An 
alpha-streptococcus was grown from her 
blood and also from the socket of an ab- 
scessed tooth which was extracted. She has 
subsequently remained well following a 
second course of treatment. 

Because of the dual nature of subacute 
bacterial endocarditis, one must anticipate 
that a certain number of patients will 
develop cardiac failure, perhaps ending in 
death, as the result of irreparable damage 
to endocardium and myocardium even 
though cured of infection by penicillin. 
This damage may result either from the 
infection or the underlying process. In any 
given instance, it would obviously be diffi- 
cult to estimate the degree of responsibility 
for cardiac impairment attributable to the 
bacterial endocarditis or to the underlying 
heart disease. There is nothing to indicate 
that the administration of penicillin pre- 
cipitates cardiac failure in patients with 
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subacute bacterial endocarditis through 
any mechanism such as rapid dissolution of 
bacterial vegetations before healing has 
progressed sufficiently. Fiese’’? has shown 
statistically that treatment with penicillin 
postpones cardiac failure and reduces sig- 
nificantly its incidence. Approximately 30 
per cent of his series of twenty-five treated 
patients suffered cardiac failure as con- 
trasted with 80 per cent in a group of forty 
untreated patients followed to autopsy. In 
our series of patients, about eight died in 
cardiac failure. We have studied the effect 
of the cardiac status prior to the onset of 
bacterial endocarditis upon the ultimate 
outcome of treatment and also upon the 
incidence of myocardial insufficiency occur- 
ring during the course of the disease. ‘Two 
individuals with mild cardiac failure prior 
to the onset of their infection died during 
the course of treatment from apparent 
cardiac failure while four patients similarly 
affected recovered from their infection. ‘Two 
of this group have remained entirely well 
while the other two still have evidences of 
mild cardiac insufficiency. These patients 
have been followed for periods of four, 
twenty-six, twenty and thirty-six months 
respectively. Only one patient had had 
severe cardiac failure prior to the develop- 
ment of endocarditis and he died during 
treatment. After the development of bac- 
terial endocarditis seventeen of this series of 
patients showed evidence of varying degrees 
of cardiac impairment, manifested either 
by enlargement of the heart or signs and 
symptoms of obvious failure. Of these, ten 
had never previously manifested cardiac 
insufficiency prior to the development of 
bacterial endocarditis while six had shown 
a mild degree and one a severe degree of 
impairment. When the effect of the develop- 
ment of cardiac impairment after the onset 
of endocarditis was related to the ultimate 
outcome of treatment, it was found that 
all four of the patients who developed severe 
cardiac failure died while ten who had only 
a mild degree recovered and three similarly 
affected died. One-half of the group who 
recovered have remained apparently well 
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over a period of observation varying between 
three and thirty months while the remainder 
still show a mild degree of cardiac inade- 
quacy. A single patient has shown progres- 
sive cardiac enlargement and failure three 
months after termination of treatment. It 
would thus seem that a severe degree of 
cardiac impairment present either before or 
after the development of bacterial endo- 
carditis carries a very bad prognosis, such 
patients usually dying of cardiac failure 
despite the institution of penicillin treat- 
ment. On the other hand, patients with 
only a mild degree of cardiac damage in- 
curred either before or after the onset of 
bacterial endocarditis generally have a suc- 
cessful outcome of penicillin treatment and 
during the period of observation have not 
shown a tendency to develop progressive 
cardiac failure, with but one exception. 
This latter point is a most important and 
encouraging observation. As was to be ex- 
pected, all the individuals who had cardiac 
insufficiency before the development of 
bacterial endocarditis continued to show 
this disability after the onset of their infec- 
tions, but cardiac inadequacy of greater or 
less degree frequently appeared during the 
course of subacute bacterial endocarditis in 
individuals who had not been previously 
so affected. ‘The age of the patient and the 
type of underlying valvular disease did not 
seem to have any prognostic significance. 
There was some indication that a long 
interval of time between onset of symptoms 
and commencement of treatment was more 
likely to result in cardiac insufficiency than 
was a short interval but the difference was 
not statistically significant in this small 
group of patients. 

Consequently, it becomes apparent that 
despite adequate penicillin treatment, fail- 
ure must be anticipated in a certain number 
of instances. At times this will be due to 
cardiac failure. In others, an embolic episode 
may be responsible or the infection may be 
caused by bacteria insensitive to available 
antibiotic agents. The final determinants 
of success in the penicillin treatment of this 
disease are not primarily such factors as the 


age of the patient, the duration of the disease 
or the particular valves involved but rather 
the degree of cardiac damage resulting 
either from the bacterial infection or an 
underlying disease process, the critical 
nature of the embolic episodes and the 
resistance of the infecting organism. ‘These 
are the factors which determine ultimate 
success or failure and it is only through the 
insurance of adequate penicillin treatment 
that they can be favorably altered. 


SUMMARY 


Experiences are related in the manage- 
ment of thirty-five patients with subacute 
bacterial endocarditis treated solely with 
penicillin on the wards of the Johns Hopkins 
Hospital. Attention is called to the difficulty 
of establishing a clinical diagnosis at an 
early stage of the disease due to the non- 
specific or misleading character of the pre- 
senting symptoms, the frequent absence of 
classical physical findings and the prevalence 
of the infection in individuals with only a 
minimal degree of cardiac disease. ‘The 
importance of early diagnosis and institution 
of treatment is emphasized, as continuation 
of infection may result in irreparable damage 
to the heart or kidneys or allow the occur- 
rence of fatal emboli, although in several 
instances a successful therapeutic result was 
achieved despite a long lapse of time from 
the onset of disease until commencement of 
therapy. It is suggested that any patient 
with a cardiac murmur and a persistent 
fever should be suspected of having bac- 
terial endocarditis until careful bacteri- 
ologic studies and clinical observations have 
proved otherwise. The necessity of retaining, 
both aerobically and anaerobically, all 
blood cultures for a period of not less than 
three weeks before they are considered 
sterile is emphasized as is the importance of 
searching for unusual organisms such as the 
genus Bacteroides. The course of these 
patients during treatment is described and 
the complications encountered are analyzed 
relative to adequacy or inadequacy of treat- 
ment received. The conclusion is reached 
that the two major causes of death were the 
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underlying cardiac disease and the per- 
sistence of bacterial endocarditis. Hence, 
the major therapeutic concern is that ade- 
quate penicillin be given for an adequate 
period of time and prior to the development 
of unalterable cardiac abnormalities. ‘The 
fact that evidence of active bacterial endo- 
carditis was found upon autopsy examina- 
tion of three patients who died while 
receiving treatment commonly regarded as 
adequate has led to critical appraisal of 
present criteria of therapeutic adequacy. A 
plan of therapeutic management is described 
which is thought to assure adequate therapy 
for the maximum number of patients. In it 
the penicillin dosage is based primarily 
upon clinical evidence of satisfactory re- 
sponse. Such factors as the penicillin sensi- 
tivity of bacteria, penicillin blood levels and 
sterilization of blood cultures have been 
found to have only limited value. The 
necessity of continuing treatment for an 
adequate period of time is discussed and the 
recommendation is made that 100,000 units 
of penicillin given intramuscularly every 
two hours for eight weeks be considered the 
basic and minimal treatment schedule. The 
pros and cons of initiating treatment before 
a bacteriologic diagnosis is completed are 
stated with the conclusion that a reasonable 
period of delay is justified provided the 
condition of the patient does not contra- 
indicate such treatment. It is advised that 
blood cultures be obtained before antibiotic 
therapy is given to any patient with valvu- 
lar or congenital heart disease who has a 
localized bacterial infection, lest a latent 
bacterial endocarditis be obscured. The 
value of prolonged convalescence to allow 
maximal healing of damaged valves is 
indicated. Consideration is given to the need 
for adequate prophylaxis against the de- 
velopment of subacute bacterial endocardi- 
tis not only during dental extractions but 
during any type of procedure which might 
result in transient bacteremia. The elimina- 
tion of foci of infection which might serve 
as a reservoir of infection or reinfection is 
recommended. In conclusion, the immedi- 
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ate results of treatment are discussed and 
the course of surviving patients over a 
three to thirty-six. months’ period is de- 
scribed. An evaluation is attempted of the 
influence upon the ultimate outcome of 
certain factors, including the presence of 
cardiac failure before, during and after the 
onset of bacterial endocarditis. The final 
determinants of failure or success in the 
treatment of subacute bacterial endocarditis 
with penicillin appear to be the degree of 
cardiac damage resulting either from the 
bacterial infection or’ an underlying disease 
process, the severity of the embolic occur- 
rences and the resistance of the infecting 
organisms. 
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Effect of Penicillin on the Bacteremia 


Following Dental Extraction’ 


Rosert J. GLASER, M.D., ARNOLD DANKNER, M.D., SYDNEY B. MATHES, M.D. 


and Cart G. HARFORD, M.D. 
St. Louis, Missouri 


HE bacteremia which often follows 

dental extraction is believed to be of 

importance in the pathogenesis of 
subacute bacterial endocarditis. This in- 
vestigation was undertaken in an attempt 
to evaluate the efficacy of penicillin as a 
prophylactic agent in preventing such 
bacteremia. 

Horder, in 1908, was probably the first to 
suggest that the portal of entry for the 
infecting organisms in subacute bacterial 
endocarditis might often be the oral cavity.' 
Since then, the réle of transient bacteremia 
in the pathogenesis of subacute bacterial 
endocarditis in patients with rheumatic or 
congenital heart disease has come to be 
generally accepted” ° and is based upon the 
following considerations: (1) the only route 
by which bacteria can reach the endo- 
cardium is via the blood stream; (2) transi- 
ent bacteremia frequently follows dental 
extraction and (3) the onset of bacterial 
endocarditis often occurs shortly after the 
extraction of teeth. 

It has been shown conclusively by a 
number of investigators'’~'> that transient 
bacteremia often occurs after dental extrac- 
tion; indeed, bacteremia has been demon- 
strated after the mere chewing of gum or 
hard candy and following manipulation of 
teeth without extraction.'*!* That bacte- 
remia originates because bacteria at the site 
of extraction gain access to the blood stream 
has been clearly demonstrated by the in- 
genious experiment of Burkett and Burn 
who painted the gingival tissues surrounding 


a tooth about to be removed with a fluid 
culture of Serratia marcescens; the organism 
was recovered from blood cultures obtained 
shortly after extraction of teeth.?° In Table 
I, experimental data bearing on these studies 
are summarized. In addition, it is of interest 
to note that transient bacteremia may follow 
aural surgical opera- 
tions,?*~?® manipulative procedures involv- 
ing the urinary tract,*°~*® passive motion of 
suppurative joints and massage of furun- 
cles.!® Bacteremia and bacterial endocarditis 
have been reported also following parturi- 
tion and instrumentation .of the female 
genital tract.37~* 

Although complete bacteriologic studies 
were not performed in many of the fore- 
going investigations, the predominating 
organism recovered was the alpha hemolytic 
streptococcus which has been shown to be 
the most common inhabitant of the oral 
cavity‘*—*’ and is frequently associated with 
apical dental infection. 

The temporal relationship between tooth 
extraction and the onset of subacute bac- 
terial endocarditis has been noted repeatedly 
by many clinicians. 54~63 

Once the significance of the oral cavity 
as the portal of entry of the infecting 
organisms in bacterial endocarditis was 
recognized, attempts at prophylaxis were 
undertaken. Initially, methods such as 
cautery and curettage were suggested in an 
effort to prevent the escape of organisms into 
the blood stream**®%6+65 but experimental 
evidence of the efficacy of these methods is 


* From the Department of Internal Medicine and the Oscar Johnson Institute for Medical Research, Washington 
University School of Medicine, and the Barnes Hospital, St. Louis, Mo. Presented in part at the Annual Meeting of the 
American Federation for Clinical Research, Chicago, April 28, 1947. 
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meager. Curettage has been shown to be  writers!*®6°~6° and experimental studies 
ineffective.!* That oral hygiene is important were undertaken by several groups of in- 
in decreasing the incidence of bacteremia vestigators. In a series of twenty-seven 
is attested by numerous studies including the _ patients with ‘‘congenital or valvular heart 
present one. 6% 64 disease’”> who were given  sulfapyridine 


TABLE I 
EXPERIMENTAL INVESTIGATIONS OF BACTEREMIA FOLLOWING DENTAL PROCEDURES 


| P. . . 
ositive 
| Time of Blood Cultures} No. of Blood 
Investigator | Procedure Dental Condition | Anesthesia in Relation Patients Cindieens 
| to Procedure in Series ‘ 
Per Cent 


Richards'® Gum massage Inflamed gums | Immediately after 


| | | One hour after 


O’ Kell | Multiple extraction | Marked pyorrhea | General after 


(1935) | Multiple extraction Moderate adebinntanen ¥ General Immediately after 


| Single extraction ae General Immediately after 
q 


| Two or more extrac- | 
tions Normal General Immediately after 


Round, Kirk- | Patients chewed hard | Five patients with | None Immediately after 
patrick and | candy dental absorption; | 
Hails‘? | | Others not stated 

Burket and  areicnion and appli- | Not stated , Immediately after 
Burn?°® | cation of Serratia 


(1937) | marcescens to the 


Palmer and One or two extractions | | Not stated | “Immediately ee 
Kempf? 
(1939) | | | Ten minutes after 


Hopkins" | One or two extractions | Not ned | Not stated Immediately after 
(1939) | 


Ten minutes after 


| | Thirty minutes after 


| | 


Elliott!® | Rocking of tooth Marked pyorrhea | Not stated | Not stated 
(1939) —| 
| Normal | Not anna Not stated 


| | | 
Murray and | Patients chewed paraf- | “Dental disease”’ | None Immediately after 
Moosnick!? fin for one-half hour | 
(1941) 


Faillo'® | Extraction; unstated | Not stated | From immediately to | 20 
(1942) | number | six hours after | 


{ | 


Soon after the introduction of the sulfona- before and after extraction, blood cultures 
mides, their use in the prophylaxis of dental taken immediately after extraction were 
bacteremia was suggested by a number of _ sterile and no patient developed bacterial 
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| 40 | 75 
| 60 | 70 
| 10 | 10 
Fact 
| 
| 10 | 20 
| | 
| 53 | 23 
| 
| | 
gums | | 
108 | 16.8 
1 | 100 
| 
| 21 | 86 
336 «(55 
| 
40 
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endocarditis.’ Although in this investiga- 
tion para-aminobenzoic acid was introduced 
into the media to inhibit sulfapyridine, 
the failure to include control observations 
makes evaluation of the results difficult. 
In another study” of ninety-seven patients 


II summarizes these reports. One case of fatal 
bacterial endocarditis, thought to have fol- 
lowed dental extraction performed under sul- 
fanilamide prophylaxis, has been reported. ® 

The use of penicillin in the prophylaxis of 
subacute bacterial endocarditis after dental 


TABLE II 
EXPERIMENTAL INVESTIGATIONS OF THE EFFECT OF SULFONAMIDE PROPHYLAXIS ON DENTAL BACTEREMIA 


Dental 


Procedure 
Condition 


Investigator 


Anesthesia 


Positive Blood 
Cultures 
Per Cent 


No. of Patients 
Time of in Series 
Blood 
Sampling in 
Relation to 
Procedure 


Sulfon- | Con- | Sulfon- 
amide trol amide 
Group |Group} Group 


Buanitz, Nizel and Berg?7® | Extraction | Not stated 


(1942) 


Not stated 


Immediately | .. 27 
after 


Thirty min- Se 27 
utes after 


Northrup and Crowley?! Extraction | Not stated 


(1943) 


Immediately 
after 


Ten minutes 
after 


Normal to 
marked 
pyorrhea 


Pressman and Bender? Extraction 


(1944) 


Immediately 30 
before 


Immediately 30 
after 


Ten minutes 30 
after 


who did not receive prophylactic sulfona- 
mide therapy, positive blood cultures were 
obtained in twelve (12.8 per cent) following 
dental extraction; of seventy-three patients 
given sulfathiazole, positive blood cultures 
were obtained after dental extraction in 
seven (9.6 per cent). The difference in the 
two series is not statistically significant. It 
was shown that the prophylactic use of 
sulfanilamide led to a decrease in the num- 
ber of positive blood cultures obtained ten 
minutes after dental extraction but no 
decrease occurred in the number of positive 
cultures obtained immediately after extrac- 
tion.!* Para-aminobenzoic acid was not used 
in the media in this particular study. Table 
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extraction has been advocated by several 
writers’*~7> but experimental evidence of 
its value has not yet appeared. The failure 
of penicillin to prevent bacterial endocardi- 
tis after tooth extraction has been reported 
twice;‘®77 in one instance,’® relatively small 
doses of the antibiotic were used and in the 
other”’ a single injection of 400,000 units of 
penicillin in oil with beeswax was given 
prior to extraction. Three other cases of 
subacute bacterial endocarditis occurring 
despite the prophylactic use of penicillin 
have been observed;’® in one of these, oral 
penicillin was being given to prevent 
streptococcal infection in a child subject to 
recurrent rheumatic fever. 


ro 
Local 12.8 | 9.6 
| 0 0 
Local 3.3| 0 
| 83.3 | 76.7 
| 33.3 | 13.3 | 
| | | 
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METHODS 


Selection of Patients. The first, or control 
series, consisted of consecutive, unselected 
out-patients from either the Dental Surgery 
Clinic of the Washington University School 
of Dentistry or the Barnes Hospital De- 
partment of Dental Surgery. Subjects for 
the second, or penicillin, series were in- 
patients of the Homer G. Phillips Hospital 
or the Barnes Hospital group; they were 
seen in consultation by a dental house 
officer because of the finding of dental 
disease on physical examination. No pa- 
tient in either series had received a sulfona- 
mide drug or penicillin for at least one 
month prior to the observations. 

Technic of Blood Cultures. In both series, 
blood cultures were obtained within one 
hour prior to extraction before any oral 
manipulation was done; postoperative cul- 
tures were obtained usually within two 
minutes and always within five minutes of 
extraction. 

Twenty-three cc. of blood were drawn 
with aseptic precautions and transported 
immediately to the laboratory in a flask con- 
taining 3 cc. of a 4 per cent solution of 
sodium citrate. A flask containing 100 cc. 
of beef infusion broth®? was inoculated with 
10 cc. of blood and for growth under re- 
duced oxygen tension, 10 cc. of blood were 
placed in a flask, of thioglycollate broth.*® 
The latter medium ‘was contained in a 
Florence flask of 125 cc. capacity in order 
to decrease the area of the surface in contact 
with air. In addition, poured plates were 
made with 1 and 2 cc. amounts of blood 
added to beef infusion agar. The final pH 
of all media was 7.6. 

In the penicillin series, for both pre- and 
postextraction cultures, a solution contain- 
ing 4 units of penicillinase per cc., prepared 
by diluting dried commercial penicillinase 
with beef infusion broth, was added to the 
citrate flasks before the blood was intro- 
duced. That this amount of penicillinase 
was sufficient to cause immediate inactiva- 
tion of the penicillin in the blood was 


determined by preliminary experiments 
described in a subsequent section. 

Cultures were incubated at 37°c. for six 
days; at that time, the broths were sub- 
cultured on blood agar plates and observed 
for two days; if no growth had appeared, 
they were discarded. The poured plates 
were examined at frequent intervals and 
when colonies were seen they were described 
according .o color and hemolysis. Colonies 
were then subcultured and the organisms 
classified morphologically according to 
Gram-staining characteristics; alpha hemo- 
lytic colonies were further characterized in 
regard to solubility in desoxycholate solu- 
tion.*° Poured plates exhibiting no growth 
were discarded on the sixth day. 

Cultures were considered positive if 
organisms were recovered from either of the 
broths or either of the poured plates. In a 
few instances, organisms were recovered 
which were considered to be contaminants; 
these included diphtheroids, Staphylococcus 
albus and Bacillus subtilis. 

Use of Penicillinase in Blood Cultures. ‘The 
inactivation of penicillin, carried in the 
blood drawn from the patient into the 
culture medium, was considered essential 
in order that false-negative results might 
be avoided. Significant disadvantages in- 
herent in the use of takadiastase, clarase and 
cysteine as penicillin inactivators have been 
described.*'~*4 Penicillinase, on the other 
hand, is well adapted to use as an in- 
activator of penicillin** and preliminary 
experiments were performed in order to 
determine the amount of penicillinase neces- 
sary for this purpose under the particular 
conditions of our blood cultures. Table m 
shows the results of three experiments which 
indicate that 4 units of penicillinase per cc. 
of blood drawn were adequate to inactivate 
larger amounts of penicillin than would 
usually be present in the blood with the 
given dosage. This amount of penicillinase 
also had no significant inhibiting effect on 
bacterial growth. 

Each test was carried out as follows: ‘The 
contents of a vial containing 1,000 units of 
dried commercial penicillinase®® were dis- 
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solved in beef infusion broth and dilutions 
were distributed in tubes in order to give 
the amounts of penicillinase shown in the 
table. Twenty-three cc. of normal human 
blood were drawn with aseptic precautions 
and introduced into a flask containing 3 cc. 
of a 4 per cent sodium citrate solution. A 


the citrate before the blood was drawn from 
the patient in order to start the inactivation 
of the penicillin carried over in the blood 
as soon as it was removed from the body. 
The preliminary tests showed that neither 
citrate nor human blood inactivated the 
penicillinase. 


TABLE III 
DETERMINATION OF THE AMOUNT OF PENICILLINASE NEEDED IN BLOOD CULTURES 


Test Tube Contents 


Tube Number 


Organism and Results 


Staphylo- | Penicillinase (units) 


coccus 


albus Penicillin (units) 


Colony count 


Alpha Penicillinase (units) 


hemolytic 


strepto- | Penicillin (units) 


coccus 
Colony count 


Beta Penicillinase (units) 


hemolytic 


strepto- | Penicillin (units) 


coccus 
Colony count 


olulololu 


* Too numerous to count. 


culture of bacteria in broth was diluted with 
broth so that suitable numbers of bacteria, 
as estimated from preliminary tests, could be 
added to the flask. Two cc. of the resulting 
blood-citrate-bacteria mixture were added 
to each tube. Five or ten units of penicillin 
in 0.5 cc. of broth were added as the last 
step. After adjusting the volume of each 
tube to 3 cc. with broth and mixing thor- 
oughly 1 cc. of each mixture was removed 
immediately for preparation of poured 
plates. Colony counts were made after 
incubation at 37°c. for forty-eight hours. 

It may be noted in these tests that the 
penicillin was added last to the mixture in 
order to avoid any antibacterial action by 
the penicillin during the time taken in 
adding penicillinase. In the final blood 
cultures, the penicillinase was mixed with 
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Administration of Penicillin. Each of the 
patients in the penicillin series was given 
50,000 units of penicillin intramuscularly 
every two hours day and night for twenty- 
four hours before extraction; the total dose 
was 600,000 units. The last injection was 
given approximately twenty minutes prior 
to extraction. 

Determination of Penicillin Sensitivity. The 
sensitivity to penicillin of fourteen of the 
nineteen strains of organisms recovered in 
the penicillin series was determined by a 
modification of the method described by 
Rammelkamp and Maxon” as employed by 
Meads et al.*? 

Observation of Factors Influencing Incidence of 
Bacteremia. Information concerning factors 
which might influence the incidence of 
bacteremia, namely, gum conditions, type 


Experi- 
Num- | 
ber | | 1 213 14/51 6 7 8 19! 10 f1-|. 22 
1 0.125} 0.25 0.5) 1| 2) 4 6 10! 0 0 0 0 
10 10 |10 | 10] 10) 10 10 10 |10 0 0 0 
| 0 7  |30 TNG*| TNC*| TNC* TNC* TNC*| TNC* 
2 | 0.125] 0.2510.5} 1] 4 6| o 0 0 
5 5 5 5} 5 5 5 5 0 0 0 ~ 
0 0 2 | 183 | 194] 173 181 | 186 
3 0.125] 0.251 0.5} 2 4 6 10 0 oh 
5 5 5 5] 5 5 5 5 0 Saher 
0 0 0 1| 4 9 | 11 9 10 9 | 9 =. 
| | | | 
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TABLE IV 
RESULTS OF BLOOD CULTURES FOLLOWING DENTAL EXTRACTION WITH AND WITHOUT 
PROPHYLACTIC PENICILLIN 


Control Series * | Penicillin Series ¢ 


Organisms { isolated in | | Organisms tf isolated in 


-atie | Patient | | 

Plate | ate | | Broth Broth 


WD — 


W 


— 
| 


18 18 
19 


NN NY 
Wh 


NAM WD 
ho 


t 


WWW WH 
© 


A 
A 


WwW 


Ww 
~] 


A 


oo 


NH 
NH 


* All pre-extraction cultures in this series were negative. 
+ Three pre-extraction cultures (No. 3,19,20) were positive for non-hemolytic streptococcus. 
tA = alpha hemolytic streptococcus. 

NH = non-hemolytic streptococcus. 

Numbers indicate colony count. 
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2 5A A | | a 
4 A eli | 
5 A | 
10 7A Ry A Sys i | Sie 20NH | NH | NH 
14 | A | 
15 2A 6A A A | | | 
16 4A 2A A A | | | 
17 | 8A IA | A | 
NH | 
| | 
| | | 
| | | | 
| 1NH | | | 
| | 
28 a A A | | 
31 | 32NH | | 
32 race 2A A A | | 
37 NH 1A | | 
38 1NH | | | 
39 1 NH 2A NH 39 | | 
40 1 NH 1A A 40 | 
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of local anesthetic and number of teeth 
extracted was obtained for each patient. 
An arbitrary classification of gum condition 
was established as follows: (1) normal— no 
evidence of irritation, inflammation ‘or sup- 
puration; (2) abnormal— evidence of irrita- 


extraction both in control patients and in 
those following prophylactic penicillin. It 
may be seen that the bacterial content of 
the blood was never high and that frequently 
the organisms were recovered from only one 
of the broths or plates while the other, pre- 


TABLE V 
EFFECT OF PENICILLIN AND OTHER FACTORS ON THE BACTEREMIA FOLLOWING DENTAL EXTRACTION 


Control Series 


Penicillin Series 


Other Factors 


No. of 
Patients 


No. of 
Patients 
with 


Per Cent 
of Patients 
with 


No. of 
Patients 


No. of 
Patients 
with 


Per Cent 
of Patients 
with 


Bacteremia| Bacteremia 


Bacteremia| Bacteremia 


Total No. of Cases 


17 


Normal 


5 


Abnormal 


Gingivitis 


Mild to moderate pyorrhea 


Severe pyorrhea 


Num- | One 


ber of 
teeth 
ex- 
tracted 


Two or more 


Infiltration or infiltration and 


block 


Type 
of local 


5 


anes- 


thesia | Block (conduction) alone 16 


56. 12 


tion, inflammation or suppuration. Further 
subdivision of abnormal gums was as fol- 
lows: (1) gingitivis— irritation or inflamma- 
tion without suppuration; (2) pyorrhea— 
definite suppuration, either mild to moder- 
ate or severe. 

Determination of Statistical Significance. ‘The 
statistical significance of results was deter- 
mined by the calculation of chi square from 
a fourfold table utilizing the correction of 
Yates for small numbers. 


RESULTS 


Table Iv presents the results of blood 
cultures taken immediately following dental 
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pared from the same blood sample, remained 
sterile. Nevertheless, the significance of the 
bacteria isolated is attested by the sterility of 
pre-extraction blood cultures which were 
made in every case. In only three instances 
were pre-extraction cultures positive and in 
two of these the cultures after removal of 
the teeth were positive for the same organ- 
ism. Although the use of prophylactic 
penicillin reduced by 37 per cent the inci- 
dence of bacteremia following extraction 
and also reduced the number of bacteria as 
judged by fewer positive isolations from 
single specimens, it did not completely 
prevent bacteremia in a number of cases. 


40 27 67.5 40 | = 42.5 
— 21 12 57.2 11 | i: 45.4 
, 19 15 78.9 29 12 41.4 , 
tion 
75 13 6 46.2 
| 6 4 66.6 8 1 12.5 
| PF 5 5 100 8 5 62.5 
16 10 | 62.5 26 7 26.9 as 
24 14 10 71.4 
9 | 44.4 
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Of the twenty-seven positive blood cul- 
tures obtained in the control series, twenty- 
two (81.5 per cent) were due to alpha 
hemolytic streptococci, two (7.4 per cent) to 
non-hemolytic streptococci and three (11.1 
per cent) to both. In contrast with these 
results, of the seventeen positive blood 
cultures in the penicillin series, only five 
(29.4 per cent) were due to alpha hemolytic 
streptococci whereas in ten (58.8 per cent) 
non-hemolytic streptococci were recovered; 
in two (11.8 per cent) both organisms were 
present. 

The penicillin sensitivity of fourteen of 
the nineteen strains of organisms recovered 
from patients who had received the anti- 
biotic prophylactically was determined; 
the results of these tests did not indicate 
significant penicillin resistance in any of 
these fourteen organisms. 

In Table v the influence of various factors 
on the incidence of bacteremia is shown. 
The use of penicillin did not affect definitely 
the occurrence of bacteremia in patients 
with normal gums but in those with evidence 
of gingival disease there was a significant 
decrease in the number of positive blood 
cultures obtained. Examination of the results 
when the gum condition was more speci- 
fically classified, suggests that penicillin 
was particularly effective when pyorrhea 
existed but the results in these subgroups are 
not statistically significant. 

Prophylactic penicillin therapy was identi- 
fied with a significant decrease in the occur- 
rence of bacteremia when only one tooth 
was removed; when multiple extractions 
were performed, bacteremia occurred with 
equal frequency in each series. 

The use of penicillin decreased the inci- 
dence of bacteremia whether infiltration or 
block anesthesia was used. In the control 
series, positive blood cultures occurred less 
often after block than after infiltration 
anesthesia. 


COMMENTS 


It is apparent from the results that peni- 
cillin, while effective in reducing the 
incidence of bacteremia after tooth extrac- 
tion, did not prevent its occurrence in a 


large number of patients. Furthermore, 
although alpha hemolytic streptococci pre- 
dominated in the control series and non- 
hemolytic streptococci in the penicillin 
series, resistance to penicillin was not 
demonstrated in the strains of the latter 
group of organisms. Hence, the failure of 
penicillin, as used in this study, to prevent 
bacteremia completely cannot be attributed 
to resistant bacteria. The explanation for 
the predominance of one organism in the 
first series, and another in the second, is not 
apparent. 

The data collected support the contention 
of other investigators'®'® that gum disease 
predisposes to bacteremia after tooth extrac- 
tion; under such circumstances penicillin 
appears to be more effective, presumably by 
combatting local infection. 

In spite of thedact that our results in the 
control series do not confirm the hypothesis 
that multiple extractions increase the inci- 
dence of prophylactic 
penicillin did decrease the number of posi- 
tive blood cultures after single extractions. 
This result suggests that it may be desirable 
to extract teeth singly when _ penicillin 
prophylaxis is indicated. 

The influence of the type of anesthesia 
employed is difficult to evaluate. General 
anesthesia, which obviates local trauma 
prior to extraction, has been advocated by 
several writers;”°*** others have suggested 
that local anesthetics containing vasocon- 
strictors decrease the incidence of bacter- 
emia.””°° No adequate study of this problem 
has been made and our results do not 
justify definitive conclusions; in the control 
series, incidence of bacteremia was signi- 
ficantly lower when conduction anesthesia 
was used; in the penicillin series, positive 
blood cultures were equally common with 
either form of anesthesia. It seems plausible 
that infiltration anesthesia, because of the 
trauma incident to its introduction directly 
at the site of extraction, contributes to the 
likelihood of bacteremia, especially when 
gum infection is present. 

In a study of bacteremia following dental 
extractions, care must be exercised with 
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technical factors such as the media used, 
prompt inoculation and incubation of the 
blood cultures, prolonged observation of 
cultures and adequate identification of 
organisms. Blood cultures must be obtained 
almost immediately after extraction, for 
the number of bacteria in the blood is small 
(Table mm) and decreases rapidly; ten 
minutes after extraction, positive blood 
cultures are uncommon.!°!*7! 

If penicillin is effective as a prophylactic 
agent in preventing subacute bacterial 
endocarditis after dental extraction, three 
possibilities for its mode of action may be 
considered: (1) complete sterilization of the 
gums so that bacteremia does not occur, 
(2) immediate destruction of the organisms 
in the blood stream so that implantation on 
the endocardium is prevented or (3) prompt 
destruction after implantation before clini- 
cally detectable involvement occurs. Our 
observations indicate that complete steriliza- 
tion of the gums is not achieved with large 
doses of penicillin for twenty-four hours nor 
does immediate destruction of the organ- 
isms occur in the blood stream since bac- 
teremia was still detected in a considerable 
number of cases. Nevertheless, the decreased 
incidence of bacteremia is not without value. 
Also, the failure to eliminate the bacteremia 
completely does not necessarily mean that 
penicillin will not prevent subacute bac- 
terial endocarditis since the antibiotic agent 
may well inhibit the bacteria after implan- 
tation on the endocardium. 

Therefore, the following principles are 
proposed: In patients with rheumatic or 
congenital heart disease who are to have 
dental extraction, penicillin should be given 
in large doses prior to operation; in the 
presence of gum infection, it should be given 
for at least twenty-four hours before opera- 
tion. In all cases, it should be continued for 
at least two days after extraction or longer, 
especially if the operative site does not heal. 
Single extractions are to be preferred to 
multiple. 

The hospitalization of patients for simple 
dental extraction is not always practical; 
further information concerning the efficacy 
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of oral penicillin or of penicillin in oil and 
beeswax in relation to bacteremia following 
dental extraction would be of value. 


SUMMARY 


The administration of large doses of 
penicillin for twenty-four hours prior to 
dental extraction caused a significant de- 
crease in incidence of bacteremia following 
extraction but failed to prevent it in a large 
number of cases. The agent was particularly 
effective in decreasing bacteremia after 
extraction of teeth from infected gums. 

The possible modus operandi of prophylactic 
penicillin in preventing subacute bacterial 
endocarditis is suggested and the recommen- 
dation made that this agent be given to 
all patients with rheumatic and congeni- 
tal heart disease before and after dental 
extraction. 
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Sulfonamide Therapy of Subacute 


Bacterial Endocarditis 


JosEPH SCHEIN, M.D. and GEORGE BaFHR, M.D. 
New York, New York 


N spite of the present availability of 
newer and more effective antibiotics 
for the treatment of subacute bacterial 

endocarditis, a review of experience gained 
during the pre-penicillin era (1938 to 1943) 
indicates that the sulfonamide treatment 
was not without merit. A follow-up study of 
fourteen patients who were apparently 
cured by sulfonamides three to eight years 
ago has been sufficiently rewarding to war- 
rant this report. 


ORAL THERAPY 


Between 1938, when sulfanilamide was 
first used for the treatment of subacute 
bacterial endocarditis, and 1943, when sul- 
fadiazine was replaced by penicillin, ninety- 
seven patients with the disease were treated 
with reasonably adequate amounts of one 
or more of the sulfonamides over a pro- 
longed period. Eighty-one patients received 
oral therapy, 1.0 to 2.0 Gm. every four 
hours, for periods ranging from ten days to 
fourteen weeks.{ In this group eight were 
cured—a recovery rate of 9.8 per cent. In 
two of the recovered patients hyperthermia 
was employed in addition to sulfonamide 
therapy.’ 

The organisms cultivated from the blood 
in the eight patients cured by oral medica- 
tion were Streptococcus viridans (five pa- 

t S. S. Lichtman and W. Bierman reported the results 
of sulfonamide treatment in fifty-five patients with sub- 
acute bacterial endocarditis at The Mount Sinai Hospital 
previous to 1941. Their statistical observations are not 
exactly comparable with ours for the years 1938 to 1941 
because we have preferred to omit those patients in whom 
insignificant or only casual doses were employed. For a 


review up to 1942 see Licutman, S. S., Ann. Int. Med., 
19: 787-794, 1943. 


tients), Staphylococcus aureus (one patient) 
and Haemophilus influenzae (two patients). 

A variety of sulfonamides was employed 
in the eighty-one patients treated orally. Of 
the eight who responded favorably, one 
received sulfanilamide and fever therapy, 
one sulfapyridine, three sulfapyridine and 
sulfanilamide (one of the three also had 
fever therapy), two had sulfapyridine and 
sulfathiazole and one had sulfadiazine. ‘The 
relative cure rate with the different drugs 
did not seem to be statistically significant. 
The patients treated with hyperthermia and 
sulfonamides also were not sufficiently nu- 
merous to warrant a conclusion concerning 
the adjuvant value of fever therapy. 

It is of interest to note that there were 
three patients with H. influenzae endocardi- 
tis in the series and that two of these three 
responded favorably to oral sulfonamide 
therapy. One of the cured patients received 
sulfadiazine; the other was given sulfapy- 
ridine and fever therapy, supplemented 
subsequently with continuing doses of 
sulfanilamide. 

Among the eighty-one patients who re- 
ceived oral therapy, there were sixty-eight 
whose infection was due to Streptococcus 
viridans; five of these sixty-eight recovered 
and were still alive and free of infection two 
to eight years after completing treatment, a 
recovery rate for the Streptococcus viridans 
patients of 7 per cent. 

It is important to emphasize that in three 
of the eight patients cured by oral sulfona- 
mide therapy, a Streptococcus viridans in- 
fection had been engrafted on a congenital 
heart lesion. In our entire series of ninety- 


* From the Medical Services of The Mount Sinai Hospital, New York, N. Y. 


+ Welt Fellow in Medicine. 


AMERICAN JOURNAL OF MEDICINE 


66 


Subacute Bacterial Endocarditis—Schein, Baehr 67 


eight patients with subacute bacterial endo- 
carditis who received sulfonamide therapy, 
there were five instances of congenital heart 
disease. The fact that three were cured of 
their infection by oral sulfonamide treat- 
ment indicates that bacterial endocarditis 


TABLE I 
NINETY-SEVEN PATIENTS WITH SUBACUTE BACTERIAL 
ENDOCARDITIS TREATED WITH SULFONAMIDES— 


1938 to 1943 
Oral therapy—1.0 to 2.0 Gm. every 4 hours for 10 days to 14 weeks. , 81 
Causative Organisms—Streptococcus viridans 
Streptococcus anhemolytic 
Streptococcus hemolyticus 6 
Staphylococcus aureus 
H. influenzae 
Recovered=follow-up 2 to 8 years 
Streptococcus viridans 
Staphylococcus aureus 
H. influenzae 


Causative Organisms—Streptococcus viridans............ 14 
Streptococcus anhemolytic 
Streptococcus hemolyticus 8 
Streptococcus viridans............ 6 

* This includes three recovered patients (out of a series of five) with 
congenital heart disease with superimposed Streptococcus viridans 
infection. 
patients with congenital heart disease have 
a much better opportunity for recovery 
with this drug than those in whom the 
underlying lesion is of the acquired type. 
Our experience with the treatment of these 
patients has been so favorable that we be- 
lieve ligature of a patent ductus arteriosus 
as performed by Touroff and Vesell* should 
be deferred until adequate treatment with 
sulfadiazine or penicillin has been tried. 

If the five cardiacs with congenital heart 
disease are subtracted, our percentage of 
cures by oral sulfonamide in the remaining 
sixty-three patients with Streptococcus viri- 
dans endocarditis falls from 7 to 3.2 per 
cent. Apparently, the prognosis in regard 
to oral sulfonamide therapy of subacute 
bacterial endocarditis is favorable only if 
the infection is due to H. influenzae or 
other highly susceptible bacteria, or if in 
patients with Streptococcus viridans the 
infection is based on a congenital heart 
lesion. 


MASSIVE INTRAVENOUS THERAPY 


In 1942, Dick® reported the recovery of a 
patient with Streptococcus viridans endo- 
carditis following the intravenous adminis- 
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tration of 40.0 Gm. of sodium sulfadiazine in 
500 cc. of distilled water. An acute renal 
injury was induced, manifested by hema- 
turia, oliguria and azotemia. As a result of 
the temporary disturbance in renal function, 
the concentration of sulfadiazine in the 
blood attained high levels (89 mg. per cent 
free and 90 mg. per cent total sulfadiazine) 
and remained exceedingly high (73 to 23 
mg. per cent free, 81 to 47 mg. per cent 
total sulfadiazine) for eight days. On the 
fourteenth day intravenous injections were 
resumed, 5.0 Gm. being administered every 
two or three days for four injections. The 
patient’s temperature fell to normal within 
a few hours after the first massive treatment. 
Blood cultures on the third day and there- 
after were sterile. 

The massive therapy technic employed by 
Dick was unquestionably hazardous but by 
1942 our own large experience with the 
prolonged oral administration of sulfona- 
mides had convinced us that about 97 per 
cent of the patients with Streptococcus 
viridans endocarditis, who did not have a 
predisposing congenital heart lesion, were 
doomed to die under the conservative 
method of oral therapy. We were, therefore, 
persuaded to employ massive intravenous 
therapy on the next sixteen patients with 
subacute bacterial endocarditis due to this 
and related streptococci. 

In each instance 30.0 Gm. of sodium 
sulfadiazine dissolved in 600 cc. or 1,000 cc. 
of distilled water was administered by slow, 
continuous intravenous drip in three hours. 
This was usually followed by some vomiting. 
Within twenty-four hours severe oliguria 
always occurred, the urine became turbid 
with red cells plus much albumin and the 
blood urea nitrogen increased to four or six 
times the normal. In two patients little or no 
urine was secreted on the first or second 
day. In six patients the urine became grossly 
bloody for a day or two. The same intensity 
of renal injury occurred in ten of the sixteen 
patients in whom the urine was alkalinized 
thoroughly before and during the period of 
treatment by means of bicarbonate of soda 
administered orally or intravenously. 


‘ 
| 
z Massive Intravenous Therapy—30.0 Gm. in 3 hours.............-0 16 5 
f 
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Sulfadiazine crystals were observed in the 
urine in moderate amounts in four patients 
and in minimal amounts in five others. Ob- 
struction of the ureters by sulfadiazine 
concretions was not encountered in any of 
the patients, in spite of the huge amounts 
given intravenously. The low incidence and 
mildness of crystalluria was probably due 
to the fact that immediate damage to the 
renal parenchyma was so severe that very 
little of the sulfadiazine escaped into the 
urine during the first week. This hypothesis 
is supported by the high sulfadiazine blood 
concentrations observed for seven or ten 
days after the massive intravenous injection. 

The first two patients who received this 
heroic therapy recovered from the endo- 
cardial infection as well as from the renal 
damage and this encouraged continued trial 
of the procedure, despite the obvious risks. 
In fifteen of the sixteen patients treated in 
this manner the daily volume of urinary 
excretion returned to normal within seven 
to fourteen days after the initial intravenous 
injection of 30.0 Gm. of sodium sulfadia- 
zine; the elevated blood urea nitrogen fell 
somewhat more slowly before it reached 
normal levels. Fixation of specific gravity of 
the urine and low phenolsulphonphthalein 
excretion rates usually persisted for many 
weeks or months after the blood urea nitro- 
gen had returned to normal. 

Probably in large part because of tem- 
porary impermeability of the damaged 
kidneys, the concentration of sulfadiazine in 
the blood reached a peak of 40 to 99 mg. 
per cent within the first twenty-four hours 
and usually fell slowly during the first week 
or ten days as renal function was spontane- 
ously reestablished. ‘There seemed to be a 
rough parallel between the degree and dura- 
tion of the impairment of renal function and 
the height of the sulfadiazine level in the 
blood. 

Administration of sulfadiazine was re- 
sumed as soon as the concentration in the 
blood had fallen below 10 mg. per cent. 
This occurred in various patients from the 
fourth to the fourteenth day after the initial 
massive treatment. An attempt was then 
made to maintain continued high blood 


levels, either by one or more intravenous in- 
jections of 5.0 Gm. of sodium sulfadiazine 
(100 cc. of 5 per cent solution) or by the oral 
administration of 1.0 to 2.0 Gm. of sulfadia- 
zine every four hours ‘“‘around the clock.”’ 
Oral sulfadiazine therapy was usually con- 
tinued in diminishing doses for several 
months after discharge from the hospital. 

One case must be recorded as a treatment 
fatality. Renal function failed to improve 
as in the other fifteen patients and the pa- 
tient died of uremia on the twenty-fourth day. 
By that day sufficient time had elapsed for 
complete healing of the tubular damage and 
the microscopic examination at necropsy no 
longer revealed the morphologic changes 
which must have been responsible for the 
renal insufficiency. A similar fatality after 
massive intravenous therapy with sulfadia- 
zine was reported by Hull, Bayley and 
Holoubek.® Two other patients in their series 
survived but were not cured. Their fourth 
patient must be discounted, since he was 
moribund before treatment was initiated 
and died of the primary disease within 
sixteen hours. 

However, the other side of the picture is 
impressive. In six of the series of sixteen 
patients treated in the above manner, blood 
cultures became sterile after the first mas- 
sive intravenous injection, the fever and 
other clinical manifestations of infection 
subsided and a clinical and _ bacteriologic 
cure was apparently effected. All six pa- 
tients have now been followed for two to 
three and one-half years; the blood cultures 
have remained sterile and fever and other 
clinical indications of bacterial endocarditis 
have not recurred. The cure rate in this 
series of sixteen patients treated with mas- 
sive intravenous injections of sulfadiazine is, 
therefore, 37.5 per cent. This cure rate is in 
striking contrast to the results of oral ther- 
apy. None of the sixteen had congenital 
heart disease and none was due to H. in- 
fluenzae. All previously had had rheumatic 
cardiovascular disease and in all sixteen 
instances the infecting organism was Strep- 
tococcus viridans or a closely related strepto- 
coccus. They belonged, therefore, to the 
most unfavorable group in which recovery 
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after oral therapy could be anticipated in 
only 3 per cent of the patients. 

It is our impression that the blood stream 
and vegetations were sterilized by the initial 
intravenous injection of 30 Gm. of sodium 
sulfadiazine and the extremely high blood 
levels persisted for a week or more in conse- 
quence of renal damage and temporary 
renal impermeability. Although the con- 
tinuation of additional intravenous or oral 
sulfadiazine medication for many weeks or 
months was probably advantageous in 
keeping the ‘vegetations sterile until they 
were completely healed, such prolongation 
of treatment was not necessarily essential, 
except perhaps in those patients in whom 
the initial massive injection failed to produce 
a sufficiently prolonged high blood level. 


CASE REPORTS 


Case I. J. F., was a female, aged fifty-seven 
years, with Streptococcus viridans, 2 colonies 
per cc. blood. The therapy consisted of 30.0 Gm. 
sodium sulfadiazine administered intravenously 
on the first day of treatment (1,000 cc. of 3 per 
cent sodium sulfadiazine in three hours) and 5.0 
Gm. given intravenously on the seventeenth day. 
No alkalis were given. 


No. of days 
after injection. 0 1 2 3 4 5 6 8 9 
Blood urea 
nitrogen...... 16 
Blood sulfona- 
mide (mg. per 
cent free) 


48 61 63 77 82 


75 68 67 70 57 64 41 41 


No. of days after in- 


11252617 18 19°23 29 32 
Blood urea nitrogen 88 32 26 31 46 62 79 41 30 
Blood sulfonamide 


(mg. per cent free). 24 0 O 14.5 13.3 


The result was gross hematuria present on the 
first and second days and oliguria of 20 cc. on 
the second day. There was a recurrence of 
oliguria on the seventeenth day following a 
second intravenous injection. Six blood cultures 
were sterile’after initiation of the therapy. The 
patient was discharged in the seventh hospital 
week with a specific gravity of urine fixed at 
1.010 and a phenolsulphonphthalein excretion 
of 40 per cent. The patient was followed for 
three years. She was found to be afebrile and 
asymptomatic. The urine was negative for 
albumin and microscopically; specific gravity 
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was 1.020; the blood urea nitrogen six months 
after discharge was 11 mg. per cent. Repeated 
blood cultures during these years were negative. 

Case 1. M. T., was a male, aged thirty-six 
years, with Streptococcus viridans, 36 colonies 
per cc. blood. The therapy consisted of 30.0 Gm. 
sodium sulfadiazine given intravenously on the 
first day of treatment (1,000 cc. of 3 per cent 
sodium sulfadiazine in three and one-half hours). 
Beginning on the eighth day, 1.0 Gm. was ad- 
ministered intravenously every four hours for 
thirty-six hours, then 2.0 Gm. intravenously 
every four hours for forty hours followed by 2.0 
Gm. orally every four hours for fifteen days, 1.5 
Gm. every four hours for nine days, 1.0 Gm. 
every four hours for eight days and thereafter 5.0 
Gm. a day (1.0 Gm. every four hours) for thirty- 
eight days. The patient was alkalinized. 


No. of days 
Blood urea nitrogen.... 13 12 16 43 23 32 15 
Blood sulfonamide (mg. 
per cent free). ........ 


No. of days after injection... 12 14 18 26 35 40 
8 


Blood urea nitrogen....... 10 13 
Blood sulfonamide (mg. per 


There was pain in the flanks, nausea, fre- 
quent vomiting and singultus for three days 
after the initial injection. In the urine there was 
albumin, faint trace to 1 plus, many red blood 
cells and crystals only on the first day; rare red 
cells and crystals were present intermittently 
thereafter. There was oliguria on the first day 
of 300 cc. Thereafter the urinary output gradu- 
ally increased to normal by the fifth day. The 
treatment was discontinued after two and one- 
half months because of back pain, hematuria 
and crystalluria in spite of alkalinization. The 
temperature was normal after the second day, 
except for an occasional slight rise during intra- 
venous treatment. The first negative blood 
culture appeared on the fourth day. Thereafter 
the weekly blood cultures were sterile. The 
patient was discharged after the seventh week 
of therapy, with normal blood urea nitrogen but 
a specific gravity fixed at 1.016. The patient was 
followed for three and one-half years. He was 
found to be afebrile and asymptomatic. The 
blood cultures were sterile. There was no impair- 
ment in the urinary concentration and the 
phenolsulphonphthalein excretion was normal. 

Cas—E m1. D. G., was a male, aged twenty- 
seven years, with Streptococcus viridans, 21 


s 
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colonies per cc. blood. The therapy consisted of 
30.0 Gm. sodium sulfadiazine given intraven- 
ously on the first day of treatment (1,000 cc. of 
3 per cent sodium sulfadiazine in three hours); 
1.0 Gm. administered intravenously every four 
hours from the fourth to the thirteenth day. 
Thereafter 1.5 Gm. was given orally every four 
hours for five days, 2.0 Gm. orally every four 
hours for twelve days and 1.0 Gm. orally every 
four hours for ten days. 


No. of days after in- 

jection 5 
Blood urea nitrogen. 11 20 23 15 2 
Blood sulfonamide 

(mg. per cent free).. 30 24 18 20 15 48 5 9 8 5 


10 16 20 27 36 
18 15 15 


The result was gross hematuria present on the 
first day, then microscopic for seven days. 
Moderate oliguria was present only on the first 
day; thereafter the output of urine was normal. 
The patient had severe abdominal pain and 
vomiting the first four days. Many crystals were 
present in the urine on the seventh day, and 
it was acid despite alkaline therapy. Fixation 
of specific gravity below 1.010 was persistent; on 
discharge the value was 1.012. The temperature 
fell to normal on the second day, then there was 
a moderate fever for three days ascribed to 
phlebitis. After this the temperature was normal 
continuously. The blood culture was negative 
on the ninth day. Thereafter repeated blood 
cultures were sterile. The patient was followed 
for three years. He was found to be afebrile and 
asymptomatic, except that he has recently begun 
to suffer from paroxysmal nocturnal dyspnea. 
The blood cultures have been sterile and the 
urine negative, with normal concentrations. 

Case Iv. M.S., was a male, aged thirty-four 
years, with Streptococcus viridans, 24 colonies 
per cc. blood. The therapy consisted of 30.0 Gm. 
sodium sulfadiazine given intravenously (600 cc. 
of 5 per cent sodium sulfadiazine in three hours). 
Thereafter 2.0 Gm. was given orally every four 
hours for twenty-eight days, 1.5 Gm. every four 
hours for four days, 1.0 Gm. every four hours for 
ten days, and 1.0 Gm. twice a day for forty-five 
days. No alkalis were given. 


No. of days 
after injec- 
i 2 ee | 8 10 13 21 34 39 
Blood urea 
nitrogen... . 
Blood sul- 
fonamide 
(mg. per cent 


31 39 55 61 41 33 22 12 16 11 


65 41 42 29 44.5 44 31 22 21 19 10.5 


The result was gross hematuria present on the 
second day; later, only occasional red cells were 
seen in the urine microscopically. There was no 
decrease in the output of urine. The specific 
gravity was fixed below 1.010 for fifteen days, 
then it was below 1.018 until the patient’s 
discharge. Moderate numbers of sulfa crystals 
appeared in the urine only on the second day. 
The temperature was normal after the twelfth 
day. The blood culture was negative on the 
eighth day. Thereafter repeated blood cultures 
were sterile. The patient was followed for two 
and one-half years. He was found to be afebrile 
and asymptomatic; the blood cultures were 
sterile and the urine was negative. 

Case v. S. Z., was a female, aged thirty- 
three years, with Streptococcus viridans, innu- 
merable colonies per cc. blood. The therapy con- 
sisted of 30.0 Gm. sodium sulfadiazine given 
intravenously (600 cc. of 5 per cent sodium 
sulfadiazine in three hours). Four days later 1.0 
Gm. was given orally every four hours for ten 
days, 2.0 Gm. orally every four hours for seventy 
days and 1.0 Gm. every four hours for five 
months. The patient was alkalinized. 


No. of days 


11 
Blood urea 
nitrogen. ... 
Blood sul- 
fonamide 
(mg. per cent 


i2 39 23 Z@ 15 


The result was that the patient tolerated the 
massive dose well; only mild nausea and vomit- 
ing occurred. There was no oliguria. The volume 
of urine was between 1,5000 and 2,000 cc. daily. 
The urine was usually alkaline; no sulfa crystals 
were present. There was no fever after the 
second day. The blood cultures were repeatedly 
sterile after the fifth day. One embolic lesion 
(finger) appeared ten days after the massive 
initial dose. Specific gravity of the urine was 
1.022. The patient was discharged after eight 
weeks of treatment and was followed for two 
and one-half years. Ten days after discharge she 
was readmitted because of virus pneumonia from 
which she convalesced uneventfully. During this 
period of hospitalization the blood cultures were 
negative and the blood sulfonamide level varied 
between 17 and 22 mg. per cent. The patient is 
completely well two and one-half years later. 
The blood cultures have been sterile and the 
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after injec- 
13 24 30 
free). ...... 
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urine negative. No signs of reinfection have been 
seen. 

Case vi. H. H., was a male, aged thirty-one 
years, with Streptococcus viridans, 3 colonies 
per cc. blood. The therapy consisted of 30.0 Gm. 
sodium sulfadiazine given intravenously (600 cc. 
of 5 per cent sodium sulfadiazine in three hours). 
On the fifth day he received 2.0 Gm. intraven- 
ously and on the sixth day 2.0 Gm. intravenously 
twice a day. After the ninth day he took 2.0 Gm. 
orally every four hours and 2.0 Gm. of sodium 
bicarbonate three times a day for two weeks; 
thereafter 1.5 Gm. orally every four hours for 
three weeks, 1.0 Gm. orally every six hours for 
two months and 0.5 Gm. every six hours for five 
months. 


1 2 4 6 8 
Blood urea nitrogen.... 13 14 52 54 70 76 85 
Blood sulfonamide 


(mg. per cent free)..... 43 38 50 42 28 28 11 


No. of days after in- 

Blood urea nitrogen 31 54 49 34 25 14 13 
Blood sulfonamide 


(mg. per cent free). 12.5 18 20 19 21 15 11.6 


Before admission to the hospital this patient 
had received small doses of sulfadiazine (1.0 to 
4.0 Gm. daily) by mouth for two and one-half 
months without any influence on the disease. 
Blood cultures after admission were repeatedly 
positive, 2 to 4 colonies per cc. After massive 
therapy he had nausea and vomiting, oliguria, 
albuminuria and microscopic hematuria. Dur- 
ing the first twenty-four hours the urine output 
declined to 29 cc.; no urine was passed on the 
second day; on the third day the urine output 
was 300 cc. and on the fourth day it was again 
normal (2,000 cc.). The specific gravity of the 
urine continued to be fixed up to the time of 
discharge. A week after massive therapy only a 
few red cells were seen in the urine micro- 
scopically and only a few sulfa crystals and casts. 
The temperature became normal on the seventh 
day. He was discharged in the fifth week of 
treatment with a normal temperature, normal 
sedimentation rate and apparently well, except 
for a fixation of the urinary specific gravity. 
Repeated blood cultures after the seventh day 
following massive intravenous treatment were 
all sterile. The patient was followed for two 
and one-half years. He has been afebrile and 
asymptomatic; there have been no signs of in- 
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fection and the blood cultures have been sterile 
and the urine negative. 


CONCLUSIONS 


1. In the pre-penicillin era (before 1943), 
oral sulfonamide therapy of patients with 
subacute bacterial endocarditis, adminis- 
tered in the manner described, resulted in 
the cure of eight of eighty-one patients, or 
an overall cure rate of 9.8 per cent. If 
patients with H. influenzae endocarditis 
and those with congenital heart disease are 
excluded, the percentage of cures with a 
three to eight year follow up is reduced to 
3.2 per cent. 

2. Two of three patients with H. in- 
fluenzae endocarditis were cured by oral 
sulfonamide therapy. This demonstrates the 
value of sulfonamides as an alternative to 
streptomycin in H. influenzae infections. 

3. Three of five patients with congenital 
heart disease were cured of Streptococcus 
viridans endocarditis by oral sulfonamide 
therapy without ligation of the ductus 
arteriosus. 

4. In addition to the patients with H. 
influenzae and congenital heart disease, 
three other patients with subacute bacterial 
endocarditis were cured by oral therapy; 
in two, the infecting organism was Strepto- 
coccus viridans and in the third it was 
Staphylococcus aureus. 

5. Massive intravenous sodium sulfadia- 
zine therapy resulted in the cure of six of 
sixteen patients with subacute bacterial 
endocarditis caused by Streptococcus viri- 
dans. Patients with congenital heart disease 
were excluded from this series. The six 
patients have been followed clinically and 
bacteriologically for two to three and one- 
half years. The cure rate after massive 
intravenous therapy is, therefore, 37.5 per 
cent. 

6. Massive intravenous sodium sulfadia- 
zine therapy is attended by a high treatment 
fatality risk (over 6 per cent). In view of the 
risk, its use is warranted only in those 
patients with subacute bacterial endocardi- 
tis caused by strains of Streptococcus viri- 
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dans which prove to be resistant to penicillin 
and streptomycin. 

7. In patients with congenital heart 
disease (not patent ductus arteriosus) and 
superimposed infection with an organism 
resistant to penicillin and streptomycin, 
oral sulfonamide therapy should be em- 
ployed first; massive intravenous therapy 
is warranted only after adequate oral 
therapy has been attempted. 

8. If the congenital lesion is a patent 
ductus arteriosus, ligation is an alternative 
primary method of therapy; if tying off 
the ductus is deferred and oral sulfona- 
mide therapy proves successful, the ductus 
should nevertheless be ligated after recovery 
from the infection. 
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Use of Radioactive Sodium As a Guide to the 
Efficacy of Drugs Used in Treatment of 


Diseases of the Peripheral Vascular System’ 


Preliminary Report 


IsiporR Murson, M.D., EpirH H. Quimpy, sc.p. and BEVERLY C. SMITH, M.D. 
New York, New York 


BJECTIVES sought in the treatment of 
() peripheral vascular diseases are the 

reopening of completely or parti- 
ally closed blood vessels and the develop- 
ment of an adequate circulation. The 
vasodilator drugs, papaverine hydrochloride 
and histamine, have frequently been re- 
ported useful in obtaining such results. 
These drugs may produce transient or 
prolonged effects. The blanched skin may 
become flushed and its surface temperature 
increased. However, at times the same dose 
seems to be ineffective because there are 
no such physical changes. Another form of 
therapy, used especially in thrombo-angiitis 
obliterans, is the intravenous administra- 
tion of hypertonic (5 per cent) solution of 
sodium chloride. This is thought to produce 
a transitory hydremia. The basis for its 
usage is essentially empirical. There is no 
visual or otherwise apparent effect. If one 
could be assured of pharmacological activity 
or clinical improvement from these meas- 
ures, their continued use in chronic periph- 
eral vascular diseases could be undertaken 
with greater confidence. 

Increasing the diameter of a capillary 
causes an increase in the permeability of 
its endothelium®® while a decrease in the 
diameter reduces the permeability.®*!* 


Therefore, with dilatation of the capillary, 
crystalloids and fluid should move more 
rapidly into the pericapillary space.*!° 
Rate and direction of movement of fluid are 
dependent upon the relationship between 
the blood pressure of the capillary, the 
osmotic pressure of the blood in the capillary 
and the degree of permeability of the 
capillary wall.*~'° The crystalloids pass 
through the pericapillary space at a rate 
specific for each ion to reach an equilibrium 
on both sides of the semipermeable endo- 
thelium according to the Gibbs-Donan 
formula.? 

One of the profound disturbances in 
obliterative diseases lies in the inability of 
the capillaries to take care of the nutrition 
of the tissues they permeate. An increase in 
the rate of transport across the endothe- 
lium of such capillaries would mean 
increased nutrition of the tissues thus sup- 
plied. It is therefore reasonable to assume 
that any method, to be of value in the treat- 
ment of peripheral vascular disease, should 
increase diffusion through the semipermea- 
ble membranes of the capillary in addition 
to enhancing the supply of blood. Such 
changes in the blood supply or the rate of 
diffusion can be measured with the aid of 
the radioactive isotope of sodium according 


*From the Departments of Medicine, Radiology and Surgery of the College of Physicians and Surgeons, 
Columbia University, New York, N. Y. 
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to the method of Smith and Quimby.’ 
They introduce this material into the 
circulation by intravenous injection and 
with a Geiger counter note its accumulation 
in the extravascular fluid in an extremity. 

his accumulation is dependent upon the 
patency of the minute vessels, the vascu- 
larity of the area and the permeability of 
the capillary endothelium. An acceleration 
in rate should therefore be indicative of dila- 
tation of the minute vessels and an increase 
in available semipermeable membrane. 

Davson and Danielli,’ in their monograph 
on the permeability of natural membranes, 
stated that the use of radioactive isotopes 
should provide an accurate and rapid 
method for studying permeability. In ac- 
cordance with their ideas change in the rate 
of diffusion of radioactive sodium should be 
dependable as an indicator of comparable 
variation in the caliber and permeability 
of the minute vessel system of the extremi- 
ties and should also afford a valuable 
method for the study of the peripheral cir- 
culation. Experience with the venous oc- 
clusion plethysmograph, skin temperature 
thermocouples, oscillometer and capillary 
microscope has shown that they are of 
great help in studying the peripheral circu- 
lation but that they have definite limita- 
tions. The greatest difficulty lies in actually 
getting close to the blood vessels in man. 
By the use of radioactive sodium and the 
Geiger counter the course of events in 
vessels below the surface of the skin can be 
followed. 

Accordingly, it seems worth while to use 
this type of investigation as a means of 
studying the effects of drugs used in treat- 
ment of peripheral vascular disease. The 
radioactive material in a few cc. of normal 
saline is injected into an antecubital vein 
and its arrival and accumulation in the feet 
is observed by the continuous recording of 
the Geiger counter. The injected material 
is well mixed with the blood in the heart. 


As the arteries bring the radioactive sub- 
stance to the feet and it passes through the 
capillaries, the sodium diffuses into the 
extravascular fluid until equilibrium is 
reached. The Geiger counter registers a 
steady increase up to this point; the values 
recorded minute-by-minute can be plotted 
as a “sodium build-up curve.” The shape 
of this curve depends upon the condition of 
the main and collateral vessels supplying 
blood to the feet as well as on the rate of 
diffusion through the capillary walls. For 
any individual the curve remains essentially 
the same on successive tests unless something 
has been done to affect one of these two 
factors. Such a test performed immediately 
after the application of one of the drugs 
under consideration might be expected to 
show whether it produced a vasodilating 
effect. 

In a group of patients undergoing treat- 
ment, before any drugs were given, a basic 
radiosodium test was made. Various drugs 
were then used and the test repeated. 
Typical results are shown in Figures 1 to 5. 
Experimental points are indicated for each 
minute of counting, open symbols repre- 
sent counts for the left foot and solid symbols 
represent counts for the right toot. Each 
chart also shows the “‘normal range,” the 
region in which the curves fall for normal 
individuals with no vascular involvement. 
In some cases several drugs were tested on 
the same individual. 


HISTAMINE 


By Iontophoresis. Histamine was intro- 
duced into the skin of one foot and ankle 
of each of the patients tested by means of 
galvanic iontophoresis; the untreated foot 
served as a control. The histamine-con- 
taining ointment “‘Imadyl” was rubbed into 
the skin and covered with the negative 
electrode moistened with normal saline 
solution. A galvanic current 10 to 20 ma. 
which without histamine gives no reaction 
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was administered until the skin reddened 
or for approximately ten minutes if there 
was no reaction. 

The patient, M. B., Unit No. 646,075 
(Fig. 1), with a diagnosis of scleroderma, 
had a basic curve well below the normal 


RADIOACTIVE SODIUM CIRCULATION TEST 


By Intravenous Ingection. In view of this 
definite response from iontophoresis it 
seemed desirable to try other routes for the 
introduction of histamine. The insensitive 
skin of scleroderma increases the liability to 
an electric burn. The atrophic and broken 


FIG.4 M.B. U#646078 


MINUTES AFTER INJECTION 


Fic. 1. 


range as shown by the circles. When hista- 
mine iontophoresis was completed on her 
left ankle, the curve for that foot rose well 
above normal (triangles), while that on the 
untreated side remained essentially the 
same as before. The treated skin showed 
marked rubor and there was a burning 
sensation. This test was later repeated on 
the other ankle of the patient with a cor- 
responding rise in that foot. In another case 
of Raynaud’s disease, with the basic curve 
essentially normal, the rise was definite 
although not so marked. This patient had a 
dry, rigid skin which showed little reaction. 
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skin which is frequently present in arterio- 
sclerotic obliterative arteritis is so sensitive 
that it often precludes the use of a galvanic 
current and Imadyl ointment. Histamine 
has been given intravenously to patients 
with multiple sclerosis without deleterious 
effect on blood pressure or pulse.* Accord- 
ingly it was tested in this series. ‘The patient, 
J. I., Unit No. 448,782, with a diagnosis of 
thrombo-angiitis obliterans, was given intra- 
venously 1,000 cc. of normal saline con- 
taining 2.75 mg. histamine acid phosphate 
(equivalent to 1 mg. histamine base) at a 
rate of 140 drops per minute. He quickly 
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felt a generalized warmth which, however, 
did not extend to his lower extremities. 
His face flushed and he complained of 
headache but there was no color change in 
his legs or feet. His basic curve (circles, 
Fig. 2) was in the normal range. The 


RADIOACTIVE SODIUM CIRCULATION TEST 


patient A. B., Unit No. 708,276, who had 
scleroderma and had shown only moderate 
response to iontophoresis. The foot immedi- 
ately became pink, warm and moist. The 
sodium curve (triangles, Fig. 3) rose 
sharply from the beginning and was defi- 


FIG.2 J.l. 448762 
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MINUTES AFTER INJECTION 
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curve following intravenous histamine (tri- 
angles) was much lower. This test was not 
repeated on another patient because it was 
believed that in such a procedure a drop 
rather than a rise was the logical result and 
it would be of no therapeutic value. 

By Intra-arterial Injection. Since local ad- 
ministration of the drug by iontophoresis 
had produced an effect, it seemed that a 
more direct placement of the histamine 
might be more successful than the intra- 
venous route. Accordingly, 0.55 mg. hista- 
mine acid phosphate (equivalent to 0.2 mg. 
histamine base) dissolved in 1 cc. of water 
was injected into the popliteal artery of 


nitely higher than the basic curve (circles) 
for both feet. 

It was believed that perhaps a prolonged 
and milder effect would be more advan- 
tageous than a sharp and fleeting one. 
Accordingly, a drop-by-drop infusion into 
the femoral artery was used. The histamine 
was diluted in the same way as when it was 
administered intravenously, 2.75 mg. hista- 
mine acid phosphate in 1,000 cc. of normal 
saline solution (equivalent to 1 mg. hista- 
mine base). This gave a solution with a pH 
of 6.5. To overcome the pressure in the 
femoral artery, it was necessary to intro- 
duce the solution at a pressure at least 
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higher than the diastolic pressure in the 
artery. The ordinary 500 cc. infusion 
burette was capped by a stopper with two 
holes which was held down tightly with 
several strips of adhesive tape. Through one 
opening in the stopper a piece of glass 


RADIOACTIVE SODIUM CIRCULATION TEST 
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anesthetized by procaine, a 2 inch, 18- 
gauge, short beveled needle was introduced 
into the femoral artery. The bright “red 
blood and the pulsating thrust into the 
syringe attached to the needle were evi- 
dence of entry into the artery. The syringe 


FIG.3 A.B. 708276 
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tubing was inserted reaching above the 
histamine solution. The outer end of 
the tube was connected to two parts of the 
ordinary blood pressure apparatus by means 
of a Y tube. With the arm cuff rolled up 
snugly and held so with stout rubber bands 
its rubber tubing was connected to one 
arm of the Y tube, the tubing of the mano- 
meter to the other. A closed circuit was 
thus established and when the bulb was 
inflated a positive pressure was created in 
the infusion bottle which could be measured 
by the mercury manometer of the blood 
pressure apparatus. 

With the skin and subcutaneous tissue 
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was detached and the needle was connected 
with the flask which already had a positive 
pressure of at least 70 mm. Hg. The pressure 
was then raised or lowered until the pulsat- 
ing blood could be seen in the glass-connect- 
ing tip during each systole of the heart. 
Inflow takes place during diastole at the 
rate of 90 to 120 drops per minute. 

The result of such a test in a patient who 
had responded sharply to iontophoresis is 
shown by the squares in Figure 1. She 
received 1.37 mg. histamine acid phosphate 
in 500 cc. normal saline into her right 
femoral artery. There was prompt warming 
and flushing of the skin from toes to buttocks 
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with slight whealing but without itching. 
The radiosodium injection was adminis- 
tered as soon as the histamine started to 
flow. The curve shows a marked immediate 
rise in the right foot with both feet finally 
giving values much higher than in the 


5 
= 
8 
= 


basic chart. Figure 4 shows results of the 
test in patient A. G., Unit No. 412,204, with 
dermatomyositis and Raynaud’s disease. 
The basic curve was slightly below normal. 
The curye made during the _ infusion 
into the right femoral artery of 300 cc. of 
normal saline containing 0.3 mg. histamine 
base shows the right foot brought up into the 
normal range. The left foot remained at a 
low range. The skin temperature rose, the 
muscle temperature fell and the patient 
noted that this was followed by relaxation 
of the spastic calf and thigh muscles on the 
side of the infusion. This relaxation con- 
tinued for several days. 


Several other patients have shown a 
similar rise in the radiosodium curve and a 
similar subjective response, varying in 
degree with the extent of the obliterative 
process in the larger vessels. On the other 
hand, in one patient, J. C., Unit No. 


FIG.4 A.G. 412204 


731,915, with peripheral arteriosclerosis, 
the curve following this type of histamine 
treatment coincided with the basic curve. 
An attempt was made to reverse the dila- 
tation induced by histamine iontophoresis 
by the introduction of adrenalin intra- 
venously. It has been shown that adrenalin 
injected into the skin reduces diffusion from 
the local blood vessels.* A very dilute solu- 
tion of adrenalin given intravenously to 
patients with erythromelalgia relieves a 
group of characteristic signs and symp- 
tons.!! Case M. B. (Fig. 1) showed a similar 
group of symptoms following histamine 
iontophoresis, namely, increase in skin 
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temperature, marked rubor: and a _ per- 
sistent burning sensation. To study the 
effect of adrenalin on vessels which had 
been dilated in this manner, she was on 
two occasions given a venoclysis of 1:250,- 
000 solution of adrenalin hydrochloride 
immediately following the iontophoresis. 
The first introduction was administered 
before the radioactive sodium was given 
and the second was given twenty-five 
minutes after the radioactive sodium was 
injected. In neither case was any effect pro- 
duced on the graph of either the histamine 
treated foot or the untreated foot. The 
curves agree with those for histamine ionto- 
phoresis alone, showing no immediate 
reaction to the drug. There was also no 
alleviation of the burning sensation. 


PAPAVERINE HYDROCHLORIDE 


This drug has frequently been used to 
produce vasodilatation. In these tests 60 mg. 
were dissolved in 200 cc. of normal saline; 
100 cc. was run into an antecubital vein in 
fifteen minutes. Radioactive sodium was 
then injected and the remainder of the 
papaverine allowed to run in at the rate of 
25 drops per minute while the sodium curve 
was being taken. It was believed that in this 
way a potent and sustained effect of the 
drug would be obtained. The patient suf- 
fered no untoward effects and there were 
no visual changes in the skin. In four pa- 
tients thus tested the sodium curves showed 
no change from the basic curves. One 
attempt (on M. B.) to alter the curve by a 
single dose of 0.06 mg. papaverine hydro- 
chloride intravenously also failed to show 
any effect. 


SODIUM CHLORIDE 


Intravenous administration of 300 to 
500 cc. of 5 per cent solution of sodium 
chloride is frequently used in patients suf- 
fering from peripheral vascular disease. 
Subjectively, it appears to offer some relief 
in a number of cases. In five patients receiv- 
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ing the radioactive sodium test during or 
immediately following the therapeutic saline 
injection, no change whatever was observed 
from the basic curve previously obtained. 


COMMENTS 


Although the data herein presented are 
based on a small series of tests, it is believed 
that they are sufficiently consistent to be 
informative. Of the substances tested only 
histamine caused a consistent and marked 
increase in the rate of diffusion and there- 
fore vasodilatation of the minute blood 
vessels. ‘The most efficient routes for the 
introduction of histamine in these tests were 
found to be through the skin by iontophore- 
sis and intra-arterially. Primary fixation of 
the histamine in the wall of the blood vessels 
of the affected extremity, with little or no 
dissipation into the body, is the result 
desired. Allen and Crisler? reported that 
papaverine, mecholyl and histamine could 
not be fixed by intra-arterial injection. 
Their graphs for histamine are not con- 
vincing. They gave a single rapid injection 
of the drug and measured skin tempera- 
tures. If there was a response, the change 
in skin temperature would be too transient 
to register dilatation. Studies of radio- 
sodium curves show that introduction of 
histamine by iontophoresis causes a marked 
increase in the diffusion of radioactive 
sodium. To avoid injury to atrophic, gan- 
grenous or ulcerated skin and with the hope 
of reaching vessels deeper than those in the 
subcutaneous layer, the intra-arterial method 
of administering a dilute solution of hista- 
mine was devised. Administered slowly the 
histamine will be fixed in the tissues and 
destroyed by the histaminase present. When 
this method is used, radiosodium graphs 
following this procedure are definitely 
above the basic curves for the same indi- 
vidual. It is easy to follow the spreading 
flush of the skin of the legs and the increase 
in skin temperature objectively. There is 
also subjective improvement; the patients 
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quickly note a sensation of warmth which 
they have not experienced previously. 
When the intra-arterial infusion is given 
at a rate of 70 to 120 drops per minute in 
patients with marked obstruction of the 
larger arteries and more slowly to those with 


RADIOACTIVE SODIUM CIRCULATION TEST 


To disregard this warning may cause an 
untoward experience, as occurred with one 
patient in this series. The injection was 
begun satisfactorily but as it later appeared 
the rate of the infusion was not carefully 
controlled. The patient’s face was markedly 


FIG.S A.C. 602115 
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moderate obstruction, most of the drug is 
destroyed by the local histaminase. The 
optimum amount appears to be 0.7 mg. of 
histamine acid phosphate dissolved in 
250 cc. of normal saline. To date this 
amount has been given in about ninety 
treatments with marked objective vasodila- 
tation of the lower extremities and subjective 
improvement and, with one _ exception, 
without accident. 

With extensive obliterative disease in the 
large arteries, up to 500 cc. of similar con- 
centration can be used without danger. If 
the rate of injection is too rapid, flushing 
of the face gives forewarning of the escape 
of histamine into the venous circulation. 


flushed and his head had been throbbing 
for one-half hour when abdominal pain, 
diarrhea and vomiting suddenly began. 
His hematocrit showed hemoconcentration. 
These cleared after a stormy twelve hours 
following several saline infusions. The 
sodium build-up curve during the experi- 
ence remained essentially the same as the 
basic one. It is not evident why the early 
part of the curve was not elevated since the 
pain did not begin at once. 

The sensitivity of the vasomotor system 
to pain may be an important factor in in- 
vestigations of the type herein discussed. 
Pain may give rise to unexpected effects 
which must not be overlooked. This is well 
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illustrated by the experience with patient 
A.C., Unit No. 802,115, with a diagnosis 
of early thrombo-angiitis obliterans in 
whom the histamine solution failed to enter 
the femoral artery as intended and infil- 
trated the subcutaneous tissue instead. 
Severe pain was felt in the groin and the 
radiosodium curve was definitely lower 
than the basic curve instead of higher as 
was expected after the intra-arterial in- 
fusion. (Fig. 5.) This was undoubtedly the 
result of a reflex spasm set up by the pro- 
longed pain caused by the misplaced drug, 
and is analogous to the acute capillary 
spasm which can be observed through the 
capillary microscope when the arm is 
pinched or when a blood pressure cuff on 
the other arm is inflated until pain is 
caused. 

Intravenous histamine not only did not 
Cause an increase in diffusion but induced 
a lowering of the curve in the one patient 
tested. The failure to raise the curve can be 
explained by contrasting the differences in 
the concentration of the drug, which is 
greater on direct arterial introduction and 
less when first diluted by the venous blood 
before it can reach the arterioles. When the 
concentration of the drug is low the most 
sensitive vessels will react first. It is well 
known that the arterial tree of the lower 
extremities is least sensitive and that of the 
head most liable to vasodilatation. The 
habitual erect posture has been offered as 
an explanation of this phenomenon. Recent 
studies'* on spinal anesthesia may explain 
the low diffusion curve in the one patient 
studied. The authors showed that, as ex- 
pected, a dilatation of the blood vessels in the 
lower extremities followed the anesthesia. 
However, vasoconstriction of the blood 
vessels of the upper extremities took place 
at the same time. If this compensatory 
mechanism does not occur, the patient 
develops signs of shock. ‘The patient receiv- 
ing histamine intravenously developed dila- 
tation of the blood vessels of the upper half 
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of his body; his head ached, his face was 
flushed and his arms felt warm. The drop 
in diffusion at the feet indicates that the 
compensating mechanism was effective in 
his case, as it was in the patients who had a 
low spinal anesthesia except, that the effects 
in upper and lower extremities were 


‘reversed. Furthermore, a similar response 


has been found by Cook and Sears to occur 
in dogs after intravenous injection of hista- 
mine when radioactive krypton is utilized 
as an indicator.* They found that the 
peripheral blood flow in the hind paws fell 
while coronary circulation showed a marked 
increase in blood content. In view of these 
findings, it did not seem desirable to subject 
more patients to this test since larger doses 
of histamine theoretically would have been 
necessary to dilate the blood vessels of the 
lower extremities and such a dosage was 
considered too great a risk. 

Papaverine administered intravenously, 
in spite of its stated ability to cause vaso- 
dilatation and decrease circulation time, 
was apparently unable to induce a measur- 
able change in the permeability of the 
minute vessels of the lower extremities, at 
least in a single treatment. It might be 
effective perhaps with lesser involvement of 
the minute vessels but in the patients in this 
series, papaverine failed when histamine 
succeeded. When papaverine is given intra- 
venously, with generalized dilatation of the 
vascular system, the usual gradient of 
pressure is maintained although the blood 
pressure may be lower. In contrast, if the 
dilatation is localized and a high central 
pressure is maintained, a higher gradient or 
differential will be brought about; more 
blood will be driven into the extremity in 
this manner. This is the situation when 
histamine is given intra-arterially. 

The reduction in concentration of serum 
proteins which is known to follow the in- 
fusion of 300 to 500 cc. of 5 per cent sodium 
chloride solution is indicative of hydration 
of the blood. If this were of sufficient mag- 
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nitude, it should result in distention of 
blood vessels with increased capillary per- 
meability. No evidence of this has been 
found in these tests and it appears that the 
volume increase is not sufficient. Any bene- 
fit from this treatment which is used fre- 
quently in thrombo-angiitis obliterans is 
certainly not the result of an immediate 
vascular dilatation of sufficient magnitude 
to be demonstrated by this method. 

There are many other factors to be con- 
sidered in analyzing the mechanism by 
which vasodilators can alter the permea- 
bility of the capillaries. In this study a 
radioactive sodium isotope was used and 
so values are established for sodium. It 
does not follow that other ions or the more 
complex organic compounds will be affected 
in the same way. Changes in permeability 
may be wholly dependent upon variations 
in action potential and membrane con- 
ductance induced, limited or destroyed by 
enzymatic processes initiated or altered by 
the drugs used.* From this point of view 
much work remains to be done. 


CONCLUSIONS 


1. Patients with scleroderma, thrombo- 
angiitis obliterans, obliterative arterioscle- 
rotic endarteritis and non-specific arteritis of 
the minute vessels frequently show a sub- 
normal curve for the diffusion of radio- 
active sodium from the blood vessels. 

2. Histamine administered by iontopho- 
resis or by intra-arterial injection brought 
about a definite rise in the diffusion curve. 
When given intravenously in one patient it 
produced the opposite effect. 

3. The dilatation caused by histamine 
was not reversed by 1: 250,000 adrenalin 
given intravenously. 

4. Neither papaverine nor 5 per cent 
sodium chloride solution given intrave- 
nously produced changes in the radioactive 
sodium curves. 


5. Of the drugs tested, only histamine 
appeared able to produce an immediate 
increase in capillary diffusion rate as 
determined by a radiosodium curve taken 
following a single dose. 

6. A method for giving an intra-arterial 
infusion is described. To date ninety such 
infusions have been administered. 


The authors wish to acknowledge their in- 
debtedness to Miss Charlotte Schmidt for her 
technical assistance. 
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Hypertensive Vascular Disease’ 


Duration of Life in a Selected Series 


Davip W. BLoop, M.D. and GEORGE A. PERERA, M.D. 
New York, New York 


T is a well recognized statistical fact that 
hypertensive vascular disease and its 
sequelae have a detrimental effect on 

life expectancy. It is also generally accepted 
that the disease varies greatly in its intensity 
and rate of progression, with gradations 
from a benign, asymptomatic form to 
patients with so-called malignant hyper- 
tension with a rapidly fatal outcome. In 
spite of this knowledge there is a tendency 
to overlook the fact that a considerable num- 
ber of patients carry on far better than 
might be anticipated on the basis of initial 
observations. 

Many attempts have been made to record 
the course and prognosis of essential hyper- 
tension. Keith, Wagener and Barker, whose 
observations are often used as criteria to 
compare the results of surgery with medical 
management, describe four types of hyper- 
tensive vascular disease based chiefly on the 
degree of retinitis.’ ‘That their data do not 
give a representative picture is suggested by 
the fact that 66 per cent of their patients 
fall into the most serious and advanced 
group, with only 9 per cent of the entire 
series alive five to nine years after diagnosis. 
Earlier studies of prognosis employed vary- 
ing diagnostic criteria. Some reports in- 
cluded patients followed from the date of the 
first symptom only, others whose course had 
already become compl cated. Thus Jane- 
way, using a systolic blood pressure of 160 
mm. of mercury as his index, declared that 
hypertensives lived only an average of four 


or five years after appearance of their first 
symptom.’ Blackford and Wilkinson grouped 
only those patients with arterial pressures of 
175/100 or over and found that the majority 
were dead within ten years.* Even actuarial 
statistics’ fail to give a true picture since 
subjects studied are predominantly male, in 
whom hypertension is less common than in 
women and in general runs a more severe 
course. It is difficult to obtain a real under- 
standing of the true outlook in this disorder 
from the available data. 

Because of increasing interest in more 
radical medical and surgical therapeutic 
measures, it seems timely to re-emphasize 
the long duration of hypertensive vascular 
disease in many patients. This study is con- 
cerned with a selected group of hypertensive 
patients whose benign course is in contrast 
with that pictured in most studies dealing 
with the natural history of hypertension. 
The difficulties inherent in attempting to 
anticipate the course of the disease are 
illustrated by this report. 


CLINICAL MATERIAL 


The records of fifty patients were ana- 
lyzed. All were closely followed as out- 
patients in the Vanderbilt Clinic and on the 
wards of the Presbyterian Hospital. ‘The 
basis of selection included repeated initial 
blood pressures in excess of 140/90 and at 
least ten years of subsequent observation. 
Only such patients were included who were 
without significant symptoms when first 


* From the Department of Medicine, College of Physicians and Surgeons, Columbia University and the Presbyterian 
Hospital, New York, N. Y. 
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DATA ON FIFTY HYPERTENSIVE PATIENTS FOLLOWED TEN YEARS OR 


TABLE I 


MORE 


Name 


| Sex | 
| 


Years | 
of 
| Ob- 


| 


Initial | Latest | | 
B.P. B.P. | 


| 
| 
ad 
| 


230/140, 210/130 
150/90 |170/100 


| 


140/98 |220/110 


| | 
268 /160/295/170] 
240 /120|220/130) 
185 /100|260/140) 


160/120 160/132 
| | 
| 
170/110) 200/120 
178/96 |200/100) 
185/100'260/140) 
170/100 170/90 

200/95 |270/120 


| 
| 
| 
| 
| 


180/140 230/120 


185/115|240/130 
185/105, 185/120) 
210/130} 


280/125 278/140 
[200/120 270/140 
1158/96 |215/105| 
155/100 225/125) 
195/100 190/120 


| 
160/90 140/110 
| 


| 
200/120 165/100 
1230 /130|275/145| 
1162/90 [210/90 


190/110 1260 /1301 
1170/90 |180/110) 
200/114 
170/100 180 /120 
196/100 190/105| 
/100/175/120) 
170/100 120/85 | 
200/90 240/130. 
165/100 200/100} 
'170/110 160/84 
1150/98 |190/110) 

| 


160/108 200/160) 
| 


165/100 


| 


180/120 170/100 


| 


| Car- 
diac 

Fail- 
ure 


Renal | Cere- 


| bral 
Fail- | Acci- 
ure 


| dent 
| 


| 


Final Comments 


Living and well 

Cardiac insufficiency first evident 
9 yr. before death 

Died following cerebral hemor- 
rhage 

Died following cerebral accident 

Died following cerebral accident 

Recent cardiac insufficiency 
Living and well; 3 normal preg- 
nancies after development of 
hypertension 

Died of cardiac insufficiency 

Moderate headaches 

Living and well 

Living and well 

Died 11 yr. after first episode of 
cardiac insufficiency 

| Mild cardiac insufficiency 4 yrs. 
ago; no symptoms thereafter 

Postoperative death 

Died of myocardial infarction 

| Unexplained death 3 yrs. after de- 
velopment cardiac insufficiency 

Recent cerebral accident 

Living and well 

Headaches, no other symptoms 

| Living and well 

| Hypertension known 13 yrs. before 

| first visit; has never had hyper- 

| tensive symptoms 

Died in failure 7 yrs. after first 

| cardiac symptom 

| Cardiac insufficiency for 12 yr. 

| Death attributed to arteriosclerosis 

| Living and well; never had signifi- 

| cant symptoms 

| Died following cerebral accident 
Living and well 

|Rare headaches; no other symp- 

| toms 

| Living and well 

| Recent ankle edema only 

| Exertional dyspnea for the past 4 yr. 

| Living and well 

| Uremia and cardiac insufficiency 

| Living and well 

Recent ankle edema only 

Occasional headaches only com- 
plaint 

| Moderate headaches; 

| well 

Unexplained death; never had 
hypertensive symptoms 

Living and well 


otherwise 
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| Age | | Now | 
When | | | 
| 
| Serva- | or 
See | tion | | Dead | 
1.|W.F. | F | 38 | 10 | = L 
2./E.S. | F |] 49 | 10 | + ‘. = D 
3./H.N.|Mj] 55 | 11 — + | + | D 
| | | 
4.|M.H.| F | 33 | 11 | f + D 
5.|M.K.| F | 41 | 12 | We, 
6./S.K. | F | 35 | 12 | + | |) & 
7.|E.E. | F |} 22 | 12 
8.) V.S. | F | 36 | 13 
9.|M.H.| F | 45 | 13 
10./J.K. | F | 34 | 13 
11./C.B. F | 38 | 13 | 
49 13 + | .. | 
= | | | 
14./E.S. |M] 53 | 14 | 
15.|}S.M.|M]| 33 | 14 | + | a 
16.}E.S. 53 | 14 | 
| | | 
17.)E.W.| F | 55 | 14 
18.|}L.H. | F | 49 | 14 
19.}A.R. | F 48 | 14 
20.|G.S. | F | 33 | 14 
21.|M.T. | F | 50 15 
| | | 
F | 35 | 15 + | 
| | 
23.|L.F. | F | 38 | 15 + | re 
24.|S.R. | F | 37 | 16 ot | 
25.| A.D. | F 47 | 16 
26.|R.T. | 29 | 16 
27.|A.W.| F | 40 | 17 
28.|R.S. | F | 20 | 18 
29.|V.A. MJ} 30 | 18 
30.|M.H.| F | 32 | 18 + | .. 
31./S.B. | F | 39 | 18 
32.\J.B. | F| 50 | 19 | 
33.;E.P. | F 45 | 19 aa 
34.|A.T. | F | 47 | 19 
| F | 45 19 + | 
36.|F.M.| F | 50 | 20 
37.|D.C. | F | 40 | 20 | 
38.|J.R. 57 | 20 + | .. 
| | 
39.|C.M.|M]| 48 | 21 | | 
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TABLE 1.—(Continued) 


Car- 

diac 

Fail- 
ure 


Initial 
B.P. 


150/110}140/95 
170/100}195/100 


165/105/210/115 


200 /100/250/100 


200/110/210/120 


165/115/160/95 


165/110|170/90 
155/95 |160/80 


180 /120/200/110 


185/120|190/100 


| 


Total and 


Averages 182/108/204/115 


Cere- 
bral 
Acci- 
dent 


Renal 
Fail- 


ure 


Finai Comments 


Living and well 

Occasional headaches and palpi- 
tations 

Mild cardiac insufficiency for past 
3 yr. 

No symptoms; slight cardiac en- 
largement 

Well except for moderate ankle 
edema 

Intermittent headaches; no ab- 
normal signs other than hyper- 
tension 

Rare headaches the only complaint 

Died after cerebral accident; pre- 
viously asymptomatic 
Living and well 11. yr. 
cerebral accident 

Living and well 

Sudden unexplained death after 
27 yr. without symptoms 


after 


seen and who showed no evidence of 
cardiac, renal or cerebral involvement. A 
few patients in the series had mild head- 
aches as their only complaint. All who were 
later shown to have a primary renal dis- 
turbance with secondary blood pressure 
elevation were excluded, as were those 
patients initially exhibiting more than 
minimal, transient albuminuria. The degree 
of hypertension in the group as a whole 
suggests that the disease had been well 
established prior to the initial observation. 


RESULTS 


The results are summarized in ‘Table 1. 

Age, ‘The average age at the time of first 
observation was forty-two years, the young- 
est patient in the series being twenty-two 
years of age and the oldest fifty-seven. The 
average age was only slightly higher for 
males (forty-four years) than for those in the 
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series as a whole. Those patients followed 
until their death showed no major differ- 
ences in their average age when first seen 
(forty-four years) in comparison with the 
group still living. 

Sex and Race. Forty-one (82 per cent) of 
the patients were female and 9 (18 per cent) 
were male. The racial distribution was 
comparable to that of the average clinic 
population. 

Years of Observation. ‘The average length 
of observation was seventeen years, varying 
from ten years and three months to twenty- 
seven years and one month. Thirteen of the 
fifty patients were observed for a period of 
over twenty years and twenty-nine of the 
patients were followed for more than fifteen 
years. 

Deaths. Sixteen (32 per cent) of the fifty 
patients died during the course of observa- 
tion, the majority as a result of cardiac 


85 
| | 
hue Years Now 
| of Liv- 
Name | Sex | Ob- | ing 
cen | tion Dead 
40.|A.C. | F | 26 | 21 
41.| A.A. | F 43 21 L 
| | | 
42. | M.S. | F | 42 | 21 
43. | A. P. 45 | 22 | 
| | | 
44.|L.H. | F | 46 | 23 2 | L 
| | | 
45.|H.M.| F | 38 | 23 
| | | 
46.|V.R. | F | 28 | 23 | 
| ee | | | 
48.|L.S. | F | 30 | 23 | 
| | | | | 
49.|B.O. | F | 43 | 27 | = 
50.}G.L. | 41 | 27 | | | 
| | | | | | 
| 22 | 2! 
es | | | D 16 
| | | 
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complications or following a cerebral vascu- 
lar accident. 

Blood Pressure. A composite picture of 
the systolic and diastolic blood pressure 
trends is shown in Figure 1. Although there 
was considerable variation in individual 


B. P 
(mm Hg) 


300r 


100 


YEARS 24 10 121416 

Fic. 1. Mean, maximum and minimum systolic 

and diastolic blood pressures of fifty hypertensive 

patients. 

patients, the general tendency of the hyper- 
tension was to increase very slowly through- 
out the years of observation. The average 
initial blood pressure was 182/108 mm. of 
mercury while the average pressure at the 
time when last observed was 204/115. 
Blood pressure determinations were ob- 
tained during clinic visits by different 
observers and under varying conditions, 
hence evaluation of these readings should 
take into account personal variations in 
measurement. 

Symptoms and Signs. ‘These. have been 
analyzed under the following headings with 
emphasis on their relationship to prognosis. 

Patient's Complaints. A conspicuous num- 
ber of patients during the course of their 
disease complained of fatigue, nervousness, 
dizziness, palpitation, insomnia and weak- 
ness in addition to specific symptoms to be 
further enumerated. ‘There was no relation 
of these complaints to the subsequent course 
of the disease. 


Cardiac Insufficiency. ‘Twenty-two of the 
fifty patients at some time developed mani- 
festations of congestive failure such as 
dyspnea, orthopnea, paroxysmal nocturnal 
dyspnea and ankle edema. In most of these 
patients the insufficiency came late in the 
course of the disease. ‘The average length of 
observation following the first onset of 
cardiac insufficiency was seven years, the 
longest period being fifteen years and eleven 
months. Eight (39 per cent) of this group 
with congestive failure died during the 
course of observation, the average age of 
survival from the first symptom being eight 
and one-half years. 

Cardiac Pain. Nine (18 per cent) of the 
patients complained of pain of cardiac 
origin at some time. ‘The average period of 
observation from the onset of pain was five 
years, the longest being nine years and five 
months. Only one of this group is still living. 

X-ray Evidence of Cardiac Enlargement. 
Thirty-three (66 per cent) of the patients in 
the series showed an increased cardiac area 
by x-ray during the course of their disease. 
Of these, ten (33 per cent) died during the 
observed period, with an average survival 
of nine years. ‘The average period of observa- 
tion for the entire group from the first sign 
of enlargement was ten years, the longest 
being twenty years and three months. 

Electrocardiographic Changes. Eighteen (36 
per cent) of the fifty patients had electro- 
cardiographic changes indicative of myo- 
cardial damage. Two of these changes 
occurred just prior to death. The average 
length of observation was six and one-half 
years, the longest being seventeen years and 
four months. Eight (43 per cent) of the 
group were followed until death with an 
average survival period of seven years. 

Renal Changes. Only two patients showed 
evidence of nitrogen retention. One of these 
died from cardiac failure seven years later; 
the second patient died from uremia a few 
months after nitrogen retention was appar- 
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ent. ‘I'wenty-nine (58 per cent) of the fifty 
patients developed persistent albuminuria 
during the course of their disease. The aver- 
age period of observation from the onset of 
albuminuria was seven and one-half years, 
the longest being twenty-seven years and 
one month. Eight (27 per cent) of the group 
died during the period of observation, 
the average period of survival being eight 
years. 

Cerebral Changes. Seven cases (14 per 
cent) developed a cerebral vascular acci- 
dent during the observed course of the 
disease. In six of these the cerebral involve- 
ment resulted in death. The remaining 
patient had a cerebral accident after twelve 
years of known hypertension and was 
without signs or symptoms for eleven years 
and was well when last seen in the clinic. 

Retinal Changes. ‘Thirty-three patients (66 
per cent) had retinal changes of some degree 
during the course of their disease. The aver- 
age number of years of observation from the 
onset of arteriovenous compression was ten 
years but it was present in one patient 
twenty-three years and five months before 
the date of the last observation. Eight (24 
per cent) of the group died during observa- 
tion with an average period of survival of 
nine years. Only seventeen (51 per cent) of 
the thirty-three patients with retinal changes 
developed more severe damage as indicated 
by hemorrhage, exudate or papilledema. 
The average period of observation in this 
group was six and one-half years but one 
patient survived twenty-one years and six 
months after extensive exudate had been 
seen. Nine (53 per cent) of this group died 
during observation, the average survival 
being seven years. ‘There were several pa- 
tients in the group showing retinal exudate 
and hemorrhages whose retinitis regressed 
conspicuously during the course of their 
disease. 

Headaches. ‘Thirty-seven of the fifty pa- 
tients (74 per cent) complained of headaches 
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at some time during the course of their 
disease. Most of these were of a minor degree 
and even the more intense headaches were 
not constant and often disappeared com- 
pletely after months or years of great severity. 
It was of interest that a few patients, with no 
familial or previous history of idiopathic 
migraine, complained of headaches which 
assumed a typical migraine pattern. There 
was no correlation whatsoever between the 
frequency and intensity of the headaches, 
the height of the blood pressure or the 
course of the disorder. 

Final Observations. Sixteen (32 per cent) 
of the patients in this series died, while 
twenty-four (48 per cent) were living and 
free of significant symptoms at the last 
observation. The remainder had more 
severe complaints or exhibited signs or 
symptoms of cardiac insufficiency. 


COMMENTS 


This series of fifty patients who were 
asymptomatic and had uncomplicated hy- 
pertensive vascular disease when first ob- 
served, and who were followed for at least 
10 years, is obviously a selected one. It gives 
no consideration to hypertension in its more 
progressive forms or to patients who first 
consult their physician because of compli- 
cating signs and symptoms. Although the 
present study gives no statistical information 
as to its frequency, it does indicate, how- 
ever, that long survival is not a rarity. The 
majority in this group showed well estab- 
lished hypertension at the time of initial 
observation and may have had an elevation 
of blood pressure for an indefinite period 
prior to observation. 

Except for the mild character of their 
disease, the patients studied in this group 
appear to be comparable with other re- 
ported series of patients with respect to age, 
sex distribution and general characteristics. 
It is significant that in the group studied 
the initial level of the arterial pressure did 
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not seem to be associated either with 
symptoms, rate of progression or with the 
subsequent development of major cardio- 
vascular complications. It was also apparent 
that palpitation, headaches, x-ray evidence 
of cardiac enlargement and retinal arterio- 
venous compression bore no correlation to 
the subsequent course. 

A steadily rising blood pressure over a 
period of time, cardiac pain or insufficiency, 
electrocardiographic signs of myocardial 
damage, progressive renal damage, cerebral 
vascular accidents, retinal hemorrhages, 
exudate or papilledema were, in general, in- 
dicative of a relatively short life expectancy, 
but in individual patients a long period of 
survival followed such complications. 

Thus, it is evident that in hypertensive 
patients, even in those who may complain 
of headaches, nervousness and palpitation, 
irrespective of whether there is cardiac 
enlargement, minor electrocardiographic 
change, minimal albuminuria and early 
retinal change, a definite prognosis should 
not be made since such a patient may live 
for one, two or more decades before fatal 
complications appear. Without repeated 
observations over a period of months or 
years, one is not justified in foretelling the 
future trend or in differentiating a relatively 
benign from a more malignant process. 
The indications for and the evaluation of the 
results of such procedures as sympathectomy 
must take into consideration the not infre- 
quent long period of survival and compara- 
tive well being of many patients. 


CONCLUSIONS 


1. An analysis was made of fifty patients 
who, when first observed, exhibited asymp- 


tomatic and uncomplicated hypertensive 
vascular disease and were subsequently fol- 
lowed for at least ten years. 

2. The average length of observation in 
this selected group was seventeen years, the 
longest period exceeding twenty-seven years. 

3. It was found in the group studied that 
the initial height of blood pressure, symp- 
toms such as headaches and _palpita- 
tion, the presence of cardiac enlargement, 
minimal albuminuria, minor electrocar- 
diographic changes and retinal arterio- 
venous compression bore no relationship 
to prognosis. 

4. Essential hypertension may be com- 
patible with many years of survival .and 
well being. 

5. The favorable outlook for some pa- 
tients with hypertension should be con- 
sidered in evaluating the indications for and 
the results of such therapeutic procedures as 
sympathectomy. 


The authors are greatly indebted to the Albert 
and Mary Lasker Foundation for the means 
to carry out this study. 
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Review 


Clinical Aspects of Coronary Insufficiency’ 


Rosert L. Levy, M.p. 
New York, New York 


ERANGEMENT of function is responsi- 
ble for the symptoms of disease and 
may exist without demonstrable 

anatomic lesions. Coronary insufficiency is 
a functional disturbance, associated most 
frequently with atherosclerosis of the coro- 
nary arteries and its sequelae. Less com- 
monly, it is caused by syphilitic stenosis or 
occlusion of the coronary ostia, to aortic 
valvular disease or to a disorder in the rate 
or rhythm of the heart such as paroxysmal 
tachycardia. Indirectly, it can be brought 
about by a systemic disease of which severe 
anemia is an example. It is not dependent 
for its occurrence upon specific structural 
changes. It results when the blood delivered 
to the myocardium is inadequate, in quality 
or quantity, for effective performance of the 
work required of the heart. As a conse- 
quence of ischemia and anoxia, signs and 
symptoms appear which delineate various 
clinical pictures in a manner which serves 
to distinguish one from another. 

In the discussion which follows, no 
attempt will be rnade to give an exhaustive 
survey. For a number of years: clinical 
studies of coronary heart disease have been 
made in the Department of Cardiology at 
the Presbyterian Hospital. Some of these 
observations will be reviewed and correlated. 


TERMINOLOGY AND CLASSIFICATION 


To the various syndromes which may 
result from impairment of the coronary 
blood flow a variety of names has been 
applied. Their multiplicity has brought 
confusion rather than clarity and has in- 


creased the difficulties of accurate diagnosis. 
Angina pectoris, anginal pain, cardiac pain, 
coronary occlusion, coronary thrombosis, 
cardiac infarction, subacute myocardial 
infarction or necrosis, coronary failure and 
coronary insufficiency are designations em- 
ployed loosely and, too often, in the absence 
of criteria that are sufficiently definite for 
differentiation. To insist upon a logical 
terminology is not mere quibbling; it is of 
basic importance. Without clear definition 
of terms, there can be no understanding of 
the conditions to which they are applied. 
As a result, diagnosis lacks precision and ef- 
fective guidance of the patient is impossible. 

The classification of disorders of the 
coronary arteries here presented is based 
upon disturbances of function and structure; 
both are concerned in determining the 
clinical features. All types are regarded 
fundamentally as manifestations of coronary 
insufficiency so that a unity of concept is 
maintained. Because the disorders due to 
atherosclerosis comprise over 90 per cent of 
the entire group, consideration will be given 
only to them; but the principles involved 
apply also to those of different etiology. 

Insufficiency of the coronary circulation 
may be divided properly into two main 
groups: acute and chronic. (Fig. 1.) The 
manifestations of the acute form are more 
dramatic and varied than those of the 
chronic variety and a larger share of atten- 
tion has been given to them. From the 
point of view of management, the crucial 
point to be determined is whether recent 
infarction has occurred. 


*From the Department of Medicine, College of Physicians and Surgeons, Columbia University and the Medical 
Service of the Presbyterian Hospital. Read at the Centennial Celebration of the University of Buffalo, Buffalo, N. Y., 


October 1, 1946. 
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The first subgroup of the acute variety 
comprises those cases in which no recent 
infarction has taken place and there is no 
evidence of recent coronary occlusion. The 
most common manifestation of acute coro- 
nary insufficiency of this type is the familiar 
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occlusion of a coronary branch or to marked 
narrowing of one or more branches which 
has been present for some time and which 
eventually leads to such a degree of mal- 
nutrition of the myocardium that softening 
takes place.* —The most common symptom 


Pain (anginal) 
___No recent equivalents 
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Sudden death 
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Fic. 1. Clinical types of coronary insufficiency and their manifestations. 


paroxysm of anginal pain, but certain in- 
dividuals are made aware of an impaired 
coronary blood flow by various pain equiva- 
lents. Among these are a sense of pressure 
or tightness across the chest, a sudden feeling 
of extreme weakness or, less commonly, 
profuse sweating, particularly about the 
head and neck. The symptoms sometimes 
are referred to the abdomen and are mis- 
takenly regarded as due to some disorder 
of the digestive tract. Discomfort may be 
felt only in the shoulders, neck or back. In 
some cases, there is paroxysmal dyspnea 
without evidence of moisture in the lungs. 
In others, acute pulmonary edema accom- 
panied by extreme dyspnea may result 
from the sudden onset of left ventricular 
failure. Sudden death may occur during 
sleep or following sharp exertion; or the 
heart may cease unexpectedly after excite- 
ment or emotion, whether this be pleasant 
or associated with grief or nervous shock. ‘To 
this condition has been applied the term 
‘acute, fatal coronary insufficiency.”? The 
hearts of such patients show varying degrees 
of coronary sclerosis and narrowing but not 
necessarily evidence of recent thrombosis or 
infarction. 


Infarction may be caused by rapid 


of acute obstruction is prolonged, agonizing 
pain, relieved only by large doses of an 
opiate. Often final closure is preceded by a 
succession of rapidly recurring anginal 
paroxysms, occurring even at rest, which 
furnish warning that occlusion is imminent. 
The diminished reserve of a_ previously 
impaired myocardium may be so far reduced 
by the added injury that congestive failure 
appears. Pulmonary edema sometimes ushers 
in the attack. As in the case of anginal pain, 
various substitution symptoms may mask 
the true nature of the basic pathologic 
process. Examples of these are mild sub- 
sternal pressure, general weakness, sweating 
about the head and neck or nausea and 
vomiting; sharp epigastric pain may arouse 
the suspicion of an acute abdominal emer- 
gency. Shutting off of a coronary branch 
may be unaccompanied by any discomfort 
and may occur “‘silently,”’ particularly in 
older persons debilitated by long-standing 
disease or in those suffering from surgical 
shock. Sudden death may result from 
ventricular fibrillation or standstill of the 
entire heart. 

In chronic coronary insufficiency, no 
recent cardiac infarction has occurred. 
There is extensive myocardial fibrosis and 
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not infrequently the heart muscle shows 
scars indicating the sites of healed infarcts. 
The patient may have had no symptoms 
and the lesions described are found at 
autopsy to the surprise of the clinician and 
the ill concealed pleasure of the pathologist. 
But often myocardial fibrosis leads to cardiac 
hypertrophy and to varying degrees of con- 
gestive heart failure. This clinical picture, 
formerly described as chronic myocarditis 
and subsequently as non-valvular heart 
disease, is produced by prolonged ischemia 
of low degree and consequent malnutrition 
of the heart muscle. Sometimes a cardiac 
arrhythmia, particularly auricular fibrilla- 
tion or auriculoventricular heart block, 
affords evidence of a damaged and func- 
tionally disordered heart muscle. 

It has already been said that the most 
important diagnostic problem for the clin- 
ician is to determine whether recent infarc- 
tion of the myocardium has taken place. Its 
cardinal features are well known.‘ Fever 
occurs in almost every case, so that when 
the presence of a fresh infarct is suspected 
the rectal temperature should be taken and 
recorded twice daily for several days. Eleva- 
tion of the temperature usually occurs on 
the second day and, in the uncomplicated 
case, persists, on the average, for a week. 
Increase of the sedimentation rate of the 
red blood cells likewise is a sign present in 
most instances; when the area of infarction 
is very small or congestive failure is present, 
the rate may be normal. The increase 
appears, as a rule, on the third or fourth day 
and persists for about four weeks unless some 
complicating condition, such as pulmonary 
infarction, causes a continued elevation. 
In mild cases, the sedimentation rate may 
return to a normal level within a week or 
ten days. Leukocytosis is observed earlier 
than the change in sedimentation rate, 
appearing often within the first twelve 
hours and almost invariably, if it occurs at 
all, in the course of the first day. It persists, 
on the average, for five days. Occasionally, 
no increase in the white count is found but 
slight rises above 10,000 per cu. mm. may 
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be significant regardless of a corresponding 
relative increase in the polymorphonuclear 
cells. 

Tachycardia and a fall in systolic blood 
pressure are found in over 80 per cent of 
patients. Changes in the form of the electro- 
cardiogram are present in about 90 per cent 
if serial records are taken on successive days 
and several precordial leads are employed. 
In our experience, leads cF2, CF, and CF; 
have been the most helpful when the diag- 
nosis was in doubt. A gallop rhythm, or 
reduplication of the first sound at the apex, 
is heard in about 30 per cent of the patients. 
A pericardial friction rub is heard in only 
20 per cent. It is often of short duration and 
may come and go in the course of the day. 
When present, it aids in diagnosis; its absence 
does not weight the evidence against the 
existence of infarction. 


EVOLUTION OF CORONARY HEART DISEASE 


If electrocardiograms are taken at fre- 
quent intervals in patients known to have 
coronary sclerosis, it is not uncommon to 
discover varying patterns without associ- 
ated symptoms. Such an occurrence need 
not occasion surprise, for it is in accord with 
the concept that arterial degeneration is 
inherently a progressive process. Even 
several main coronary arteries may be 
occluded before the final illness in the 
absence of anginal pain or congestive fail- 
ure. This has been clearly demonstrated by 
Blumgart and his associates who correlated 
the clinical manifestations with the patho- 
logic lesions in hearts injected and dissected 
at autopsy.° 

It has been possible to make a similar 
correlation between the course of the disease 
and the electrocardiographic pattern in 
patients who have been followed for long 
periods of time and who, while striking 
changes have occurred in the form of the 
graphic records, have experienced no dis- 
comfort. These changes may be progressive, 
indicating advancing lesions due to increas- 
ing impairment of the coronary bed, or 
regressive, pointing to the development of a 
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Fic. 2. Male, aged sixty years when first seen. Electro- 
cardiograms show healing of cardiac infarct, instability 
of coronary circulation and occurrence of further oc- 
clusion, infarction and fibrosis. Patient asymptomatic 
throughout and leading an active life. 


collateral circulation. Several instances of 
this sort have been reported in detail in an 
earlier paper.® In the following case a 
series of electrocardiograms portrayed, in 
turn, healing of a cardiac infarct, instability 
of the coronary circulation and the occur- 
rence of further occlusion and infarction 
while the patient, unaware of these changing 
conditions in his heart, led a full and active 
life. 


CASE REPORTS 


CasE1. A. K., male, aged sixty years when 
first seen, was a business executive. He stated 
that he had an attack of coronary occlusion six 
months previously. His general health had been 
excellent and he never had any previous cardiac 
symptoms. He was in the habit of spending his 
vacation on his ranch in Colorado at an altitude 
of 7,800 feet where he rode horseback regularly, 
worked in the fields and never experienced any 
discomfort. 

The symptoms of the coronary episode evi- 
dently were mild and pain was slight. He 
remained in a hospital for ten days and at home 
for ten weeks. Activity was gradually resumed 
and at the time of his first visit to the author, he 
was at work although at a slow pace. His only 
complaint was that following any unusual ex- 
ertion, particularly after a meal, he felt a sense 
of substernal pressure. 

The examination showed slight retinal sclero- 
sis. The heart was not enlarged on percussion. 
The rhythm was regular; the rate was 60. The 


sounds were soft and a faint systolic blow was 
heard at the apex. There was also a short systolic 
murmur at the aortic area. The blood pressure 
was 154/86. 

Orthodiagraphic measurement showed no 
cardiac enlargement. On fluoroscopic examina- 
tion the border of the left ventricle appeared to 
be rather straight and the aorta was tortuous 
although not dilated. The electrocardiogram 
was characteristic of healed anterior infarction. 
(Fig. 2.) 

The patient, who lives in a distant city, has 
been followed at intervals for the past five years. 
There has been no further discomfort in the 
chest. He has been working regularly, taking a 
brief rest on a couch each day after lunch. He 
has spent his holidays on his ranch and has 
ridden horseback. The blood pressure has 
ranged from 142 to 150 systolic; 80 to 88 
diastolic. At the last examination, made a few 
months ago, he looked considerably younger 
than his sixty-five years. 

A series of electrocardiograms showed interest- 
ing variations in view of the absence of any 
symptoms. (Fig. 2.) Between September, 1941 
and November, 1942, there was a progressive 
trend toward normal. The T wave in lead 1, 
which was inverted in the first record, became 
upright and "(yr became isoelectric. Small Q 
waves persisted in these same leads. In the 
records of May, 1943, November, 1944 and 
May, 1945, Tye was variable, shifting from 
negative to positive and then to negative again 
although, during this ) «riod, the form of the 
limb leads remained constant. In May, 1946, 
striking changes were observed. The T waves 
in leads 1, 1 and IvF were sharply inverted, indi- 
cating almost certain closure of a coronary 
branch located predominantly on the anterrio 
aspect of the heart, with infarction and subse- 
quent fibrosis. At this time, he stated that he 
felt particularly well and could not recall having 
had any pain in the chest or a mild digestive 
upset even after direct questioning. A recent 
letter states that he has continued in good 
health. 


DIAGNOSIS OF CORONARY INSUFFICIENCY 


In no other disorder is a good history of 
more help than in the recognition of dis- 
turbances in coronary blood flow. Obvi- 
ously, the efficacy of the blood supply to the 
myocardium cannot be measured directly; 
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the most reliable guide is the ability of the 
heart to perform its work, expressed in 
terms of the patient’s sensations. No matter 
how well the story of disability is related 
by a medical colleague, it cannot give the 
same information as when it is obtained 
directly from the sufferer. ‘The impression 
gained by the physician from careful ques- 
tioning of the patient often furnishes the 
clue to the entire situation. In addition, such 
a personal interview establishes a relation- 
ship which is invaluable throughout the 
subsequent period of management. 

The patient’s account of his trouble may 
be the only available evidence on which 
to base an opinion since the examination 
not infrequently reveals no signs of disease. 
Sometimes the electrocardiogram shows 
changes which at once fix the site of the 
difficulty but here, as in the case of the 
history, the attending physician should make 
the interpretation. He must be aware of the 
wide range of the normal; too often a patient 
is advised to live as a cardiac invalid because 
of some minor graphic variation. On the 
other hand, the recognition of significant 
early abnormality may lead to preventive 
measures of vital importance. The use of 
multiple precordial leads has added to the 
accuracy of diagnosis in doubtful cases. 

Cardiac enlaigement, occurring in the 
absence of hypertension, valvular deformity 
or other obvious causes, should always 
arouse the suspicion of coronary disease. 
Unless enlargement is marked, percussion 
or location of the apex beat cannot be relied 
upon for the determination of the size of the 
heart and recourse must be had to ortho- 
diagraphy or teleroentgenography. The es- 
tablishment of normal standards for heart 
size, as indeed for any biologic variable, is 
difficult and the results are subject to error. 
Fluoroscopy often gives valuable informa- 
tion with respect to the size and shape of the 
various chambers and the character of 
their pulsations. In the author’s judgment, 
the most useful measurement is the trans- 
verse diameter, as determined in the ortho- 
diagram or teleroentgenogram, compared 
to the predicted transverse diameter com- 
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puted by the Hodges-Eyster formula which 
takes into account the weight, height and 
age of the subject.’ If the actual transverse 
diameter exceeds the predicted value by 
more than 1 cm., it is usually safe to infer 
that the heart is enlarged. A greater allow- 
ance is sometimes permissible when the 
subject is markedly obese and the heart is 
in an extreme transverse position. The 
cardiothoracic ratio, still sometimes em- 
ployed, has been an unreliable index in our 
hands. 


THE ANOXEMIA TEST 


It is sometimes difficult to appraise the 
significance of pain in the chest and to 
locate its point of origin. The physical ex- 
amination and electrocardiogram may fail 
to reveal evidence of cardiac disease. To 
determine whether the heart is the source 
of discomfort, because of an inadequate 
coronary circulation, is a matter of first 
importance. 

We have been particularly concerned, in 
our laboratory, with the development of 
the anoxemia test.* This furnishes an ob- 
jective index of the functional efficiency of 
the coronary circulation. It is based on the 
observation that induced oxygen want 
produces changes in the form of the electro- 
cardiogram which are more pronounced in 
patients with coronary insufficiency than 
in normal subjects. Specific criteria have 
been evolved which make possible the dis- 
tinction between a positive and a negative 
response. 7 

Apparatus. A tank containing a mixture 
of 10 per cent oxygen and 90 per cent 
nitrogen furnishes an unvarying concentra- 
tion of oxygen in the inspired air. The gas 
flows through a humidifier into a rubber 
bag which is kept full but not distended. 
Two flutter valves are incorporated into the 
system in such a way that rebreathing is 
avoided. A second tank, containing 100 per 
cent oxygen, is also in the circuit so that, if 
desired, anoxia can be quickly relieved by 
turning a needle valve. 

Procedure. ‘The subject is allowed to rest 
quietly in bed for a period of at least thirty 
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minutes. He is told that if pain is experi- 
enced in the chest, arms or abdomen during 
the test, he should at once raise his hand so 
that the test may be terminated. Electro- 
cardiograms are taken with four leads; the 
standard leads and the precordial lead com- 
monly designated IvF are used. The records 
are made just before the start of the test 
and at intervals of ten and twenty minutes 
thereafter. ‘The standard period of inhala- 
tion is twenty minutes but if pain is felt or 
there are signs of an undesirable reaction, 
an electrocardiogram is taken at once and 
100 per cent oxygen is then administered for 
one or two minutes. If distress is severe, 100 
per cent oxygen is given immediately with- 
out waiting to take the electrocardiogram. 

In each lead the deviation of the RS-T 
junction is measured in millimeters and the 
direction of the T wave is noted. 

Criteria of a Positive Test. The result is 
positive when any one of the following is 
found: (1) the arithmetic sum of the RS-T 
deviations in all four leads (1, 1, 11 and IvF) 
is greater by 3 mm. or more than in the 
control; (2) there is partial or complete 
reversal of the direction of the T wave in 
lead 1, accompanied by an RS-T deviation 
of 1 mm. or more in this lead or (3) there 
is complete reversal of the direction of the 
T wave in lead Ivr, regardless of any associ- 
ated RS-T deviation in this lead. 

Precautions. ‘The control record should be 
developed and read before the test is begun 
in order to be certain that a recent cardiac 
infarct is not present. If there is doubt on 
this point, it is best not to proceed. In addi- 
tion, the test should not be performed under 
the following circumstances: (1) if it has 
been done on the patient within the past 
twenty-four hours; (2) if congestive failure 
is present or (3) if cardiac infarction is 
known to have occurred within the pre- 
ceding four months. 

Unpleasant Effects. In the course of a 
series of studies of induced anoxemia, the 
test was given to patients with cardiac 
disease of different types and varying degrees 
of severity. Vasovagal attacks were occasion- 
ally observed. These consisted of slowing of 


the heart rate, fall in blood pressure, cold- 
ness of the skin, pallor and sweating. Mild 
convulsive seizures, dyspnea and _hyper- 
ventilation were also noted in a few cases. 
Barnes and his associates have recorded 
ventricular premature contractions, nodal 
rhythm and brief cardiac standstill during 
the anoxic period.’ 

Acute pulmonary edema occurred in 
three of our patients with prompt recovery 
following the hypodermic injection of mor- 
phine, inhalation of oxygen and rest over- 
night. In three elderly patients with sclerotic 
cerebral vessels, there was mental confusion 
which lasted less than fifteen minutes. 

In two of our patients, the physician in 
charge failed to read the control electro- 
cardiogram before making the test. As a 
result, one of the patients died suddenly 
during the procedure. Both the electrocar- 
diogram and the autopsy showed fresh 
infarction of the myocardium. In the second 
patient, ventricular tachycardia appeared 
after seven minutes of anoxemia. The ar- 
rhythmia persisted in spite of intramuscular 
injections of quinidine and oxygen therapy 
in a tent. Death occurred four hours later. 
In this instance, likewise, the control record 
clearly indicated a recent infarct. Autopsy 
was not done. 

Results. Inthe Department of Cardiology 
at the Presbyterian Hospital, the test has 
been performed several thousand times. A 
detailed account of its use in 289 cases at the 
Mayo Clinic has been published recently 
by Pruitt, Burchell and Barnes.’ It has been 
employed by the Medical Departments of 
the Army and Navy. At the New York 
Hospital, Stewart has had a wide and un- 
troubled experience with it.'° In Nylin’s 
clinic, in Stockholm, more than 1,000 tests 
have been made; Bidérck has published an 
account of 350 of these performed on 326 
patients.'' Data are accumulating rapidly 
from various sources. 

In any large series of cases, the percentage 
of positive tests will depend on the nature of 
the material studied. Instead of quoting 
percentages, it seems more profitable to 
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make certain general statements which 


appear justified by the facts so far available. 

A positive reaction may be regarded as a 
sign of coronary insufficiency. A negative 
reaction does not exclude disease of the 
coronary arteries. As is the case in any 
functional test, there must be a significant 
diminution in reserve before this can be 
demonstrated objectively. It cannot be too 
strongly emphasized that no clinical im- 
portance should be ascribed to a negative 
result. 

In our experience, the occurrence of pain 
during a test which is electrocardiographi- 
cally negative, is worthy of attention. If 
discomfort is similar in character to the 
original complaint, there is evidence that 
anoxia is capable of reproducing it. Follow- 
up of this group of patients has shown that 
a large percentage later developed unmis- 
takable symptoms and signs of coronary 
heart disease. In many of them, the anoxe- 
mia test subsequently became electrocardio- 
graphically positive. 

In the opinion of Barnes and his associ- 
ates, pain induced by anoxemia is of no 
greater diagnostic value than the patient’s 
description of his symptoms. This viewpoint 
is not supported by our studies. Obviously, 
the observer must make the distinction 
between pain of cardiac origin and the 
minor discomfort of an apprehensive 
subject. Usually this is not difficult. No 
significance should be attributed to the 
complaint of pain when payment for dis- 
ability is involved. 

The result of a test during which pain 
occurs but electrocardiographic changes are 
absent must be reported as negative. Pa- 
tientsin this category should be followed with 
special care and managed conservatively. 

The test does not yield a quantitative 
expression of the degree of coronary insuffi- 
ciency but in a given patient, there may be 
variations which parallel the clinical course. 
With improvement associated with the de- 
velopment of a collateral circulation, a 
positive test often becomes negative. Con- 
versely, reduction in coronary flow may 
change a negative into a positive response. 
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It is not possible to predict, on the basis 
of the result, the likelihood of future 
coronary occlusion. The test affords an 
index, within undefined limits, of the ade- 
quacy of the coronary circulation at a 
particular time. When positive, it indicates 
a diminished coronary reserve. It yields no 
information concerning the nature or ex- 
tent of the pathologic lesions in the heart. 

If the precautions outlined are observed, 
the anoxemia test is a simple, safe pro- 
cedure. With the proper selection of pa- 
tients, even the mildly unpleasant reactions 
can be largely avoided. It has been shown to 
be of clinical usefulness in the differential 
diagnosis of coronary insufficiency. It has 
been employed also to study the effects of 
various drugs on the coronary circulation 
of man.” It does not require active coop- 
eration on the part of the patient and anoxe- 
mia can be abolished promptly at any time 
by administering 100 per cent oxygen. 

For routine clinical purposes, the anoxe- 
mia test should be restricted to those patients 
in whom the diagnosis of coronary insuff- 
ciency is in doubt. Only a positive result is 
significant. 

The following case history illustrates the 
manner in which the test may aid in 
diagnosis: 


Case 1. C. F., male, aged forty years, was 
an accountant. As a child, he had mild rheu- 
matic pains in his knees and ankles which 
disappeared after tonsillectomy. He hod never 
been seriously ill. He smoked thirty pipefuls 
daily and usually a cigar in the evening. He 
exercised spasmodically and never strenuously. 

Two months before his first visit, he was 
awakened during the night by pain in the right 
shoulder which was gone by morning. A few 
days later, his car locked bumpers with another 
and an hour of vigorous exertion in cold weather 
was required to straighten out the damage. 
After this incident he noted pain in the right 
shoulder, right arm and right upper back when 
he walked rapidly. This gradually became less 
severe and was localized to the muscles in the 
upper portion of the arm. His physician sus- 
pected that the pain was cardiac in origin but 
did not test the effect of nitroglycerine. 
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Fic. 3. Male, aged forty years, with pain in right 
shoulder upon effort. The clinical examination was 
negative. Anoxemia test indicates coronary insuffi- 
ciency. A, control; B, after breathing 10 per cent oxygen 
for twenty minutes. The patient had slight pain in right 
shoulder after eighteen minutes. c, after breathing 100 
per cent oxygen for two minutes; changes due to oxy- 
gen-want have disappeared. 


On examination he appeared short and thick- 
set. There was no retinal sclerosis. ‘The heart was 
not enlarged on percussion. The rhythm was 
regular; the rate was 76. The sounds were of 
moderate intensity and clear. The blood pressure 
was 126/76. Fluoroscopic examination and 
orthodiagraphic measurement showed the heart 
and aorta to be normal in size and shape. The 
electrocardiogram showed left axis deviation 
and a prominent Q wave was noted in lead 11. 

The results of the anoxemia test are shown in 
Figure 3. The control record, in which the rate 
was 76, has already been described. After 
breathing 10 per cent oxygen for twenty min- 
utes, he became somewhat cyanotic and the 
heart rate rose to 116 per minute. The changes 
in the electrocardiogram indicating coronary 
insufficiency are quite evident. There is partial 
inversion of the T wave in leads 1 and un, with 
depression of the RS-T segment in these leads 
as well as in lead ivr. He stated that at the end of 
eighteen minutes he felt pain in the right 
shoulder similar to that experienced on exertion, 
although it was somewhat less intense, so that he 
did not signal that he wished the test to be 
stopped. The final record in the series shows the 
disappearance of the changes caused by induced 
anoxemia after breathing 100 per cent oxygen 
for two minutes and room air for one minute. 
The heart rate at this time was 82 per minute. 

The patient was relatively young and the 
results of the usual examinations were negative. 
The symptoms were suggestive but not charac- 


teristic of coronary insufficiency. The anoxemia 
test left no doubt as to the source of his discomfort. 


THERAPEUTIC USE OF REST 


It has become the fashion in recent years 
to disparage rest as a therapeutic measure 
in the management of cardiac patients."* 
Prolonged recumbency, it is said, leads to 
the development of thrombosis in the veins 
of the leg and hence predisposes to pul- 
monary embolism. It favors the develop- 
ment of hypostatic pneumonia in the aged. 
It shifts edema fluid toward the lungs 
instead of letting it gravitate to the legs. It 
causes hemodilution and increased blood 
volume as a result of the flow of fluid from 
the tissue spaces into the blood stream.'* 
It has a bad psychologic effect for it encour- 
ages a state of cardiac invalidism. Finally, 
there is no good evidence, say these critics, 
that prolonged rest aids materially in 
promoting recovery. 

It seems to the author that there has been 
too much criticism of the use of rest, 
particularly in the treatment of patients 
with coronary heart disease. There are many 
degrees of rest, ranging from complete 
inactivity in the recumbent position to 
merely the avoidance of athletic sports. 
There are different types of rest: physical, 
mental and emotional. So, too, there are 
numerous types of disorders caused by 
coronary heart disease and these, in turn, 
vary in severity. The age and psychologic 
make-up of the individual likewise play an 
important part in determining the physi- 
cian’s pian of management. With so many 
combinations possible, it is inconceivable 
that any standard regimen should best 
serve to accomplish the desired ends. 

No one will deny that following severe, 
acute cardiac infarction, the patient should 
be kept quiet and in bed. The use of the 
commode instead of the bedpan, however, 
should be permitted early. There is no 
need to insist upon a flat bed after the stage 
of shock has passed; indeed, many patients 
who are not gravely ill prefer semirecum- 
bency from the outset. Movements of the 
toes, feet and legs are encouraged; massage 
of the legs is given early and the position in 
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bed is changed frequently with the help of 
a nurse or orderly. 

The circulation should be aided, when- 
ever there are even slight signs of failure, by 
the administration of oxygen and the use of 
digitalis. We have proved to our own satis- 
faction that digitalis, given in the presence 
of an acute infarct, does not increase the 
likelihood of embolism, rupture of the heart 
or ventricular fibrillation. It accomplishes, 
in this condition, all that may be expected 
of it in a heart failing from other causes. It 
helps to abolish circulatory stasis. 

The guidance of the patient during the 
periods of recovery and convalescence re- 
quires judgment and _ experience.'® No 
laboratory test, such as the sedimentation 
rate, and no electrocardiographic criteria 
can be used to the exclusion of the clinical 
picture as a whole. Often, a persistent eleva- 
tion of the sedimentation rate causes anxiety; 
allowing the patient out of bed is sometimes 
followed by a drop to normal. 

It is easier, perhaps, to point out the 
possible dangers of rest than to gauge its 
benefits. Following cardiac infarction, those 
who are given adequate rest during the 
early weeks and months fare best in the 
years to come. That is an observation which, 
to the author, has seemed clear but it cannot 
be readily substantiated by scientific proof. 
Certainly, many whose outlook has seemed 
poor, after long periods of inactivity and 
freedom from business cares, have made a 
remarkably good functional recovery. 

The same is true in some patients with 
‘frequently recurring anginal pain, induced 
by relatively slight effort or occurring even 
without it. They need not necessarily go to 
bed but weeks or months of freedom from 
any but minimal exertion and absence from 
customary responsibilities appear to aid in 
the development of a collateral circulation 
which eventually is adequate for the per- 
formance of ordinary amounts of work. 
From the point of view of dollars and cents, 
such a period of inactivity often proves to be 
an investment which pays large dividends. 

Rest, like a drug, is a form of therapy 
which exerts its maximal effectiveness in 
amounts which are neither too large nor too 
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small. ‘There is a proper formula for each 
patient which must be adjusted to varying 
circumstances. 


ACUTE, FATAL CORONARY INSUFFICIENCY 


Disease of the coronary arteries is the 
lesion most frequently associated with 
sudden death. Occlusion, either thrombotic 
or atherosclerotic, is to be regarded as an 
episode in the course of sclerosis and is not 
essential for abrupt cessation of the heart beat. 

In a series of 376 fatal cases of coronary 
sclerosis, with and without thrombosis, 
death was sudden in 14 per cent of the total 
number. But of the cases of sclerosis without 
thrombosis, death occurred in this manner 
in only 12 per cent whereas in the cases in 
which a thrombus was present, death was 
sudden in 33 per cent.” It appears that the 
occurrence of thrombosis almost triples the 
likelihood of a sudden end. This might be 
anticipated, for closure further seriously 
reduces the carrying capacity of vessels 
already impaired by narrowing and loss of 
elasticity. 

That sudden occlusion of a coronary | 
artery can cause the ventricles to fibrillate 
was demonstrated in animal experiments by 
Cohnheim'* some sixty-five years ago but 
the mechanism concerned in death from 
coronary heart disease has been recorded 
infrequently in man. In 1939, Smith’ col- 
lected four cases in which the electrocardio- 
gram showed ventricular fibrillation and 
added one of his own. Since then, four others 
have been reported.'® In these nine cases, 
autopsies were performed in only three 
instances. In two other cases, total standstill 
of the heart followed ventricular tachycardia 
without the appearance of ventricular 
fibrillation as an intermediate arrhythmia. *® 

It has been unusual then to record 
electrocardiographically the mechanism of 
the dying heart and to correlate the clinical 
picture with the autopsy findings. For this 
reason, the tenth proved instance of death 
due to ventricular fibrillation in a patient 
with coronary heart disease is here briefly 
presented. In this case, a tracing was ob- 
tained of the dying heart and a post mortem 
examination was made. 
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Fic. 4. Male, aged fifty-seven years. Sudden 
death occurred three hours after first symptoms 
of coronary thrombosis. Electrocardiogram shows 
ventricular fibrillation. Patient ceased breathing 
less than one minute after record was taken. At 
autopsy a fresh thrombus occluded the right 
coronary artery but there was no necrosis of the 
myocardium. 


CasE m1. G. A., an Italian born male, was 
fifty-seven years old at the time of his death. 
Nine years previously, a partial thyroidectomy 
was performed for diffuse toxic goiter, auricular 
fibrillation and cardiac insufficiency. It was 
noted then that his heart was enlarged. Follow- 
ing the operation, sinus rhythm was restored 
and the functional capacity of the heart was 
greatly improved. For economic reasons he 
resumed his work as a furniture mover and later 
was engaged by the city water department to 
dig trenches. He carried on this physical labor 
without discomfort. 

On the morning of his death, he suddenly felt 
precordial and epigastric pressure which was not 
severe. When seen in the emergency room at the 
hospital, there were no signs of shock or of 
cardiac failure. The blood pressure was 136/96. 
The cardiac rate was 76; the rhythm was regu- 
lar. A soft systolic murmur was heard at the 
apex. He was admitted to the overnight ward 
for observation and three hours after the onset 
of discomfort an electrocardiogram was taken. 
This showed ventricular fibrillation. (Fig. 4.) 
Less than one minute after the record was 
completed, he suddenly stopped breathing. — 

At autopsy the heart was found to be enlarged; 


it weighed 510 Gm. Both coronary arteries 
contained numerous small atherosclerotic 
plaques. The right coronary artery, 6 cm. below 
its origin and about in the middle of its course, 
was obliterated by a greyish thrombus which 
was firmly attached to the wall of the vessel. 
The myocardium of the right ventricle was pale 
but no gross necrosis was seen. 

Microscopic examination of the heart muscle 
showed hypertrophy of the fibers and a moder- 
ate increase in interstitial tissue. There was 
marked intimal thickening of several of the 
coronary arteries. No evidence of necrosis was 
found in either ventricle. Most of the viscera 
showed congestion but no other significant 
changes. 

In this case, sudden death due to ventricular 
fibrillation occurred three hours after the onset 
of symptoms of coronary thrombosis. Occlusion 
of the coronary artery apparently was so recent 
that no softening of the heart muscle had 
occurred. Acute coronary insufficiency induced 
the arrhythmia which caused death. 


SUMMARY 


Some of the clinical features of coronary 
insufficiency have been given brief con- 
sideration. A classification of the common 
types has been presented for the purpose of 
correlating diverse manifestations, all of 
which are caused by an inadequate coronary 
blood flow. The importance of recognizing 
infarction has been stressed. It has been 
demonstrated that atherosclerotic changes 
in the coronary arteries often progress in- 
sidiously and that, in many _ instances, 
processes of repair compensate adequately 
for the damages of disease. Some of the 
cardinal points in diagnosis have been dis- 
cussed. ‘Too little attention has been given to 
cardiac enlargement alone which, in the 
absence of hypertension, valvular deformity 
or other obvious causes, affords presumptive 
evidence of coronary heart disease. ‘The use 
and limitations of the anoxemia test as an 
aid in the recognition of coronary insuff- 
ciency have been described. 

Because prolonged rest in bed has been 
credited with certain undesirable effects on 
the circulation, the impression apparently 
has been created that the importance of rest, 
in general, in the treatment of cardiac ail- 
ments has been overemphasized. In the 
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author’s opinion, there has been too much 
criticism of the use of rest. It is the most 
valuable single therapeutic procedure in 
the management of the patient with coro- 
nary heart disease. The fault lies not in the 
remedy but in lack of discrimination in its 
application. 

Acute coronary insufficiency is the most 
common cause of sudden death. In the few 
cases of coronary disease in which the 
mechanism of the dying heart has been 
recorded, ventricular fibrillation usually has 
occurred just before respiration ceased. Less 
frequently, ventricular tachycardia has been 
followed by total cardiac standstill. 
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Seminars on Hypertension 


Experimental Renal Hypertension 


Harry GOLDBLATT, M.D.* 
Los Angeles, California 


URING the period in which any 

medical subject is actively in- 

vestigated it becomes necessary 
from time to time to summarize what has 
been accomplished. This has been done on 
the subject of hypertension in several books 
and reviews’ '! and much of this writing 
has been, of necessity, repetitious. ‘This 
symposium, of which this discussion is 
merely the introduction, will also include 
much repetitious material, but it is written 
because it is hoped that it will reach many 
readers to whom previous publications 
have not been accessible and because it 
will include some new material. Few refer- 
ences will be given because extensive 
bibliographies are available in previous 
publications.'~" 

It has now become customary to assign 
to Richard Bright the credit for the basic 
idea that hypertension may frequently be 
of renal origin. This has been done despite 
the full realization that Richard Bright 
never determined blood pressure in man 
and never proved that a state of hyper- 
tension actually existed. Certainly, he knew 
nothing of what is now termed essential 
hypertension. He did recognize, however, 
that the large, heavy heart found at au- 
topsy in some patients, for which there was 
no other obvious explanation, was fre- 
quently associated with some abnormality 
of the kidneys. Bright related the increased 
weight of the heart to the disease of the 
kidneys in these patients and even sug- 
gested that a chemical substance in the 
blood, c: renal origin, might have been the 
direct cause of the hypertrophy. He specu- 


lated that this was in all likelihood due to 
increased action of the heart and increased 
resistance to the onflow of blood brought 
about by a hypothetical chemical sub- 
stance. The latter idea is certainly in keep- 
ing with the modern concept that increased 
peripheral vascular resistance is, under most 
circumstances, the basic mechanism of 
elevated blood pressure. 

Although Richard Bright may be credited 
with lighting the torch, credit should also 
be given to those who kept it alight. Chief 
among those who kept the idea of the 
possible renal origin of some forms of 
human hypertension alive was Volhard!”'3 
who believed that, at least in pale (malig- 
nant) hypertension, disease of the kidney 
played the important primary part in the 
pathogenesis of the elevated blood pressure. 
He searched for but failed to find a vaso- 
constrictor substance in the blood of pati- 
ents in the malignant phase of essential 
hypertension. There are those who still 
deny that the kidneys ever play a primary 
part in the pathogenesis of hypertension, 
but it is now quite generally recognized 
that primary renal disease may be cssoci- 
ated with human hypertension and that a 
causative relationship between the two con- 
ditions may exist. Few fail to accept the 
renal origin of hypertension associated with 
glomerulonephritis (acute and chronic), 
bilateral chronic pyelonephritis, bilateral 
polycystic disease of the kidneys, bilateral 
ureteral obstruction, renal amyloidosis and 
other conditions that involve considerable 
reduction of renal parenchyma. The ex- 
istence of renal disease in such cases is 


* From the Institute for Medical Research, Cedars of Lebanon Hospital, Los Angeles, Calif., and the Department of 
Pathology, University of Southern California. 
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usually determined by the accompanying 
abnormality of renal excretory function 
which is the direct result of the renal disease. 

It is in the case of so-called essential 
hypertension that the primary renal origin 
of the elevated blood pressure is still held in 
doubt. In fact, essential hypertension by 
definition has been characterized as ele- 
vated blood pressure of unknown origin 
without recognizable disturbance of renal 
excretory function. A critical statistical 
analysis of the data on renal excretory 
function in patients with essential hyper- 
tension by Dalton and Newsom led them to 
conclude that some impairment of the 
ability to concentrate urine and to excrete 
phenolsulphonphthalein is always detect- 
able. The fact that in the early stages of 
essential hypertension, and even for many 
years after the onset, renal excretory func- 
tional abnormality cannot be demonstrated 
and that it is often absent throughout the 
entire course of the disease, has convinced 
some investigators that most cases of essen- 
tial hypertension are not on a renal basis. 
The arguments usually adduced against 
the renal origin of essential hypertension 
include the occasional failure to find at 
autopsy any significant intrarenal vascular 
disease or any other abnormality of renal 
tissue. 

After the existence of elevated blood 
pressure in man had been discovered the 
fact that hypertension was the cause of the 
enlarged heavy hearts observed by Bright 
was fully realized. Although increased action 
of the heart has been established as a con- 
dition which exists in the state of hyperten- 
sion, it is now generally regarded as 
secondary to the hypertension produced by 
increased peripheral vascular resistance. 
Increased volume of the blood, although it 
occurs in the state of plethora which may be 
associated with hypertension, has certainly 
been eliminated as the cause of hypertension 
in general and has not been found to exist 
in essential hypertension. The same holds 
true for increased viscosity of the blood 
which has been excluded as the primary 
cause of elevated blood pressure. The impor- 
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tant problem that remains is the elucidation 
of the pathogenesis of increased peripheral 
vascular resistance which is now recognized 
as the determinant of the elevated blood 
pressure and for which there can be at least 
two explanations. ‘The more obvious cause 
would seem to be the widespread organic 
disease of small arteries and arterioles, dis- 
covered by Johnson and by Gull and Sutton, 
which could be a mechanical cause of the 
increased peripheral resistance; but this 
view has never been supported by the 
demonstration of organic vascular disease 
so widespread as to determine a mechanical 
increase of peripheral vascular resistance. 
The other and more probable mechanism 
of increased peripheral vascular resistance 
could be peripheral vasospasm induced by 
a nervous or humoral (including endocrine) 
mechanism. The studies of Prinzmetal'* and 
of Pickering’® minimize the possible primary 
importance of neurogenic vasospasm and no 
convincing evidence has been adduced for 
endocrinogenic vasospasm as the general 
primary cause of essential hypertension. 
This does not exclude recognition of the 
existence of patients with hypertension 
resulting from psychoneurogenic stimuli, 
diminution of the sensitivity of the carotid 
sinuses, hyperepinephrinemia or abnormal 
pituitary function. Our own observations 
led us to experimental investigation of the 
possible renal origin of peripheral vasospasm. 


EXPERIMENTAL PRODUCTION OF RENAL 
HYPERTENSION 


Most of the experimental work on the 
production of hypertension that was done 
prior to 1928, with the idea that hyper- 
tension might be of renal origin, chiefly 
involved methods which were likely also to 
produce disturbance of renal excretory 
function. Among these were unilateral and 
bilateral nephrectomy, reduction of the 
amount of functioning renal tissue by resec- 
tion, the effect of a nephrotoxic substance, 
irradiation with roentgen rays, occlusion of 
one or both ureters, acute compression of 
the kidneys, embolism, passive hyperemia 
due to constriction of the main renal vein, 
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permanent occlusion of the main renal 
artery, vein and ureter of both kidneys, 
arteriovenous anastomosis and occlusion 
of the main renal arteries. A few of these 
methods were followed by some elevation of 
blood pressure but in most of the experi- 
ments hypertension did not persist and, in 
most cases, there was no elevation of blood 
pressure, or the hypertension was fleeting 
and probably of nervous reflex origin. Con- 
tradictory results were obtained by different 
investigators using the same methods. None 
of the methods actually reproduced the 
anatomic or even the physiologic state of the 
kidneys in benign essential hypertension. If 
the hypertension persisted for any length of 
time, it was usually accompanied by renal 
excretory impairment with or without 
uremia. 

The idea of producing hypertension by 
a disturbance of intrarenal hemodynamics 
was based primarily upon the observation, 
well known to pathologists, that intrarenal 
stenosing arterial and arteriolar sclerosis is 
found with great frequency in both the 
benign and malignant phases of essential 
hypertension. It was considered that the 
part possibly played by such a disturbance 
of intrarenal hemodynamics should be 
susceptible of experimental investigation. 
The most important of the working hypo- 
theses of this study were: (1) If stenosing 
vascular disease limited to the kidneys, or 
any renal condition which produces the 
same effect on renal circulation, be the 
primary factor in the initiation of most cases 
of essential hypertension, then reproduction 
of the counterpart of the physiologic ef- 
fects of such vascular disease, no matter how it 
might be accomplished, should result in the 
development of hypertension; (2) renal ex- 
cretory functional disturbance should not 
be a necessary accompaniment of this type 
of experimental hypertension and (3) the 
probable disturbance of renal hemodynam- 
ics produced by intrarenal stenosing vascular 
disease might be reproduced by constriction 
of the main renal artery and, if the basic 
hypothesis be correct, should result in the 
development of elevated blood pressure. 
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It was considered that fulfillment of 
all. these conditions would answer the 
requirements of the definition of essential 
hypertension and signify the experimental 
reproduction of so-called essential hyper- 
tension. 

It is granted that the best procedure 
would have been to reproduce the intrarenal 
anatomic abnormality, namely, arterial and 
arteriolar sclerosis localized to the kidneys, 
but there was no known way of doing this 
at the time and it has not yet been accom- 
plished. Since the main effects of intrarenal 
arterial and arteriolar disease of the kidney 
are probably reduction of intraglomerular 
capillary pressure and alteration, possibly 
reduction, of blood flow to the functioning 
components of the kidney, it was considered 
that these two effects, and any other physi- 
ologic disturbances that might occur, might 
be produced by the permanent constriction 
(not occlusion) of the main renal artery by 
means of a clamp. It should be appreciated 
at once that the method decided upon was 
a compromise, that it does not mean that 
stenosing arteriosclerosis of the main renal 
artery was considered to be a frequent find- 
ing in cases of human essential hypertension, 
or that application of the clamp was con- 
sidered to reproduce exactly the anatomical 
state of the kidney in essential hypertension. 
This incorrect interpretation has been made 
by a number of authors and investigators. 

Details about the clamp and about the 
instruments used for its application have 
been given in previous publications'® and 
as a result will be omitted from this discus- 
sion. The principal effects of the application 
of the clamp on the main renal artery will 
be merely summarized herein. 

Effect of Constriction of One Main Renal 
Artery. It was soon found, and unex- 
pectedly, that constriction of the main 
renal artery of only one kidney was suflfici- 
ent to induce a rise of blood pressure within 
twenty-four to seventy-two hours after the 
application of the clamp. In the dog, the 
elevated blood pressure usually lasts from 
four to six weeks and, only exceptionally, 
for several months. The maximum rise is 
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usually reached in about one week and the 
blood pressure remains elevated at that 
level for another week, after which it 
gradually returns to normal. In the sheep, 
the goat and the rat, the elevation of blood 
pressure as a result of unilateral constriction 
of the main renal artery may last much 
longer than in the dog. In all these animals, 
removal of the one kidney with the main 
renal artery constricted results in a prompt 
return of the blood pressure to normal. 
These findings drew attention to the possi- 
bility that even human hypertension might 
be on a unilateral renal basis and the later 
finding that, in man also, removal of the 
one diseased kidney results in a return of the 
blood pressure to normal in those patients in 
whom the other kidney is normal. 

Effect of Constriction of Both Main Renal 
Arteries. Constriction of both main renal 
arteries, either at the same time or after an 
interval, results in permanent elevation of 
the blood pressure. The same effect is pro- 
duced by constriction of one main renal 
artery and contralateral nephrectomy. By 
this means persistent hypertension has been 
produced in the dog, monkey, rabbit, rat, 
cat, sheep and goat and the blood pressure 
has remained elevated in some dogs for 
more than six years. Cash and Wood" and 
we have shown that this is true hypertension 
because both systolic and diastolic pressures 
become elevated. In some of the animals, 
even when both renal arteries are con- 
stricted, the blood pressure tends to return 
to a lower level in several months, and 
increased constriction of the renal arteries 
is necessary to re-elevate the blood pressure 
which then often remains elevated for years. 

Perhaps the most important finding, 
other than the elevation of blood pressure, 
was that in animals with persistent hyper- 
tension due to moderate constriction of both 
main renal arteries there was no significant 
alteration of renal excretory function. Mere 
disturbance of intrarenal hemodynamics, 
therefore, is sufficient to produce hyper- 
tension without disturbance of renal excre- 
tory function. ‘Thus, the two most important 
of the working hypotheses of these experi- 
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ments are satisfied. Although the direct 
application of these observations to man is 


‘perhaps not justifiable, yet these results do 


offer experimental evidence for the view 
that benign essential human hypertension, 
usually associated with intrarenal arterio- 
and arteriolosclerosis without impairment of 
renal excretory function, may also be of 
renal origin. Much evidence, to be sum- 
marized later, has accumulated in favor of 
this view. 

As control observations, it has been shown 
that constriction of the splenic arteries, of 
both femoral arteries and even of the aorta 
below the origin of both main renal arteries 
is not followed by elevation of blood pres- 
sure. Constriction of the aorta above the 
origin of both main renal arteries does result 
in significant elevation of the blood pressure 
but this is evidently due to disturbance of 
the circulation to the kidneys. 

There have been some attempts to mini- 
mize the importance of these experiments 
because the main renal artery in human 
hypertension is not commonly stenotic. 
This is admitted, of course, but it does not 
constitute a good reason why experimental 
constriction of the main renal artery should 
not be considered capable of reproducing 
the functional state of the human kidney 
in essential hypertension. Although Yuile'® 
and Blackman"? have actually drawn atten- 
tion to the not infrequent existence of 
stenosing arteriosclerosis of one or both 
main renal arteries in association with 
human hypertension, it is important to 
emphasize that constriction of the main 
renal artery was an expedient resorted to 
experimentally because it was the only 
method that seemed likely to produce 
a circulatory disturbance of the kidney 
resembling the most probable effect of zntra- 
renal stenosing arterial and arteriolar sclero- 
sis. Io regard the experimental type of 
hypertension as not exactly like human 
essential hypertension because the main 
renal artery of human beings with hyper- 
tension is not frequently stenotic, is to 
misunderstand the whole problem and the 
main purpose of the experimental procedures 
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which were used for the production of 
experimental renal hypertension. Recog- 
nition of the probable similarity of these 
two processes is necessary for proper under- 
standing and evaluation of the contributions 
made by the great variety of studies carried 
out on animals with experimental renal 
hypertension. 

It is well known that in some cases of 
human essential hypertension the fatal out- 
come is associated with and due to renal 
excretory failure. In some instances the 
renal excretory insufficiency is an initial 
accompaniment of the hypertension and 
the condition proves rapidly fatal with 
death from uremia. It is interesting that this 
condition may be reproduced at will in 
animals. If both main renal arteries are 
Sreatly constricted from the start or if 
moderate constriction is practiced at first 
and great constriction later, hypertension 
accompanied by variable degrees of impair- 
ment of renal excretory function results. 
This same effect can be produced by exces- 
sive constriction of one main renal artery 
with contralateral nephrectomy or contra- 
lateral ureteral occlusion. In those animals 
that develop great impairment of renal 
excretory function along with hypertension, 
fatal convulsive uremia occurs and, at 
autopsy, the small arteries and arterioles 
in many organs show pathologic changes 
which resemble those observed in the 
malignant phase of essential hypertension. 

Thus, hypertensive states resembling both 
benign and malignant phases of essential 
hypertension have been produced experi- 
mentally in animals merely by varying the 
degree of constriction of the main renal 
arteries, with consequent alteration in the 
intrarenal hemodynamics, the exact nature 
of which has not yet been determined. The 
evidence that has accumulated to indicate 
that the benign and malignant phases of 
human essential hypertension may also be 
primarily of renal origin will be summarized 
in a latter part of this paper. 

In some animals in which examination of 
the kidneys shows that the potential acces- 
sory circulation to the periphery of the 
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kidney has become strikingly prominent, 
with large arterial vessels entering the cortex 
of the kidney from the various surrounding 
organs and structures, it has been demon- 
strated that decapsulation of the kidney 
and enclosure of one or both kidneys in a 
fish-skin condom frequently results in a 
reelevation of the blood pressure which 
persists. ‘This type of membrane does not 
induce the development of a thick hull of 
connective tissue around the kidney (such 
as is induced by wrapping cellophane, 
collodion or silk around a kidney) but it 
does reduce the accessory circulation to the 
kidney and it is thought that this induces 
the reelevation of blood pressure. Cello- 
phane, collodion and silk membranes (as 
employed by Page and others) have been 
wrapped around kidneys and elevation of 
blood pressure has been observed to develop 
weeks or months after the application of 
these membranes. The elevation of blood 
pressure in these animals has been con- 
sidered to be due to perinephritis and the 
compression of the renal substance by the 
thick hull of connective tissue which 
develops around the kidneys. There is no 
proof that actual compression of the kidney 
occurs in these circumstances. In fact, there 
is no proof that the mechanism of the ele- 
vated blood pressure is not due to the scar 
tissue which also develops around the renal 
pedicle, with possible constriction of the 
renal artery, vein and even ureter of the 
kidney. Two indications of the possibility of 
these effects are the passive hyperemia 
(venous obstruction) and the hydronephro- 
sis (ureteral obstruction) which, in some 
degree, are almost invariably observed at 
autopsy in such kidneys. More work should 
be done on this type of hypertension to 
settle this question. It is considered that 
the pathogenesis of the hypertension, even 
that resulting from application of a mem- 
brane, is similar to the hypertension which 
results from constriction of the main renal 
arteries. The one important drawback of 
the method is that impairment of renal 
function is an almost invariable accompani- 
ment of the hypertension and that fatal 


AMERICAN JOURNAL OF MEDICINE 


| 
¢ 

4 

= 


uremia (the malignant phase) is a common 
outcome. 

Pathologic Changes in the Tissues of Animals 
with Experimental Renal Hypertension. The 
intrarenal pathologic changes which result 
from constriction of the main renal artery 
are directly dependent upon the degree of 
constriction of this vessel. In animals in the 
benign phase of hypertension produced by 
moderate constriction of the main renal 
arteries without accompanying renal ex- 
cretory disturbance, the kidneys may show 
little if any gross or microscopic abnormali- 
ties. In the early period after constriction, 
variable degrees of cloudy swelling and even 
changes in the mitochondria of the lining 
epithelium of the tubules, especially of the 
proximal convoluted tubules, may be found 
although later no obvious anatomic changes 
are detectable. Pathologic changes in the 
anatomic structure of the kidneys are 
therefore not necessary for the production 
of the elevated blood pressure. As Selkurt”® 
has shown, striking physiologic signs of 
tubular damage may sometimes occur 
without correspondingly striking histologic 
alterations in the kidney as a result of 
variable degrees of anoxia for variable 
periods of time. This must depend upon 
intracellular changes which are not detect- 
able by the usual methods. 

In some animals, even in the benign 
phase after several months, one kidney may 
be found atrophic although in the interval 
there was no significant disturbance of total 
renal excretory function. In such animals 
the other kidney is usually hypertrophic 
and both in gross and microscopic examina- 
tion appears normal. In the malignant 
phase, advanced parenchymatous degenera- 
tion and even diffuse necrosis, with or 
without hemorrhage, may occur in one 
or both kidneys. 

Even after six years of persistent benign 


hypertension in dogs, no significant pa-. 


thologic changes have been observed in the 
intima of the aorta or of large or small 
arteries that can be considered a direct 
consequence of hypertension. Slight to 
moderate hypertrophy of the heart has been 
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observed, and thickening of the media of 
the large and small arteries due to hyper- 
trophy and hyperplasia of the muscle fibers 
also occurs but intimal sclerosis has not been 
observed. The results of the experiments on 
the benign phase of hypertension in animals 
has therefore afforded no proof for the view 
that hypertension by itself is a sufficient 
condition for the production of generalized, 
true, simple, intimal arterial or arteriolar 
sclerosis. 

In dogs, monkeys, rabbits, rats, sheep and 
goats that have died in the malignant phase 
of hypertension, even when terminating 
fatally in as little as forty-eight to seventy- 
two hours, profound changes in the blood 
vessels have been observed. These changes 
are similar in all respects to those seen in 
the terminal phase of human malignant 
hypertension but are not to be confused 
with arteriolosclerosis. ‘The gross manifesta- 
tion consists mainly of petechiae throughout 
the gastrointestinal tract, in the gall- 
bladder, the urinary bladder, pancreas, 
adrenals, brain, pericardium and myo- 
cardium. Similar lesions have also been 
observed in the adventitia of the aorta and 
of some of the larger arteries. Microscopi- 
cally, the small arteries and arterioles are 
the seat of necrosis and fibrinoid degenera- 
tion, with or without vascular and peri- 
vascular inflammation characterized by 
exudation of polymorphonuclear leuko- 
cytes and some lymphoid cells. ‘The necro- 
tizing and inflammatory changes in the 
arterioles are identical with those observed 
in the terminal phase of malignant hyper- 
tension. These lesions have not been ob- 
served in the blood vessels of kidneys with 
a constricted main renal artery; but when 
one main renal artery is greatly constricted 
and the ureter of the other kidney is ligated, 
arteriolar lesions of the malignant phase 
may develop in the kidney with the occluded 
ureter in which intrarenal arterial tension 
was probably increased. It is considered, 
therefore, that the development of these 
necrotizing arteriolar lesions and especi- 
ally of the petechiae, many of which are 
undoubtedly of capillary origin, requires 
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both the action of some chemical substance 
and the factor of increased tension. The 
pathogenesis of the arteriolar necrosis has 
been discussed in several previous publica- 
tions but is still the subject of controversy. 
There are those who believe that hyper- 
tension per se is a sufficient condition for the 
production of these lesions but the un- 
equivocal proof for this contention is still 
wanting. That elevated intravascular pres- 
sure alone is not a sufficient condition for 
the production of necrotizing arteriolar 
lesions is indicated by the fact that they are 
absent from the organs of dogs that for 
many years have had pronounced hyper- 
tension without accompanying disturbance 
of renal excretory function. This lesion has 
never been reported (and we have never 
observed it) in animals with experimental 
neurogenic hypertension of long-standing. 
This would certainly indicate that intense 
vasospasm alone is not a determinant of 
these lesions. Bilaterally nephrectomized 
animals with profound azotemia but with- 
out hypertension do not develop necrotizing 
lesions of the arterioles and associated 
petechiae. This indicates that the chemical 
factor alone is not sufficient for the produc- 
tion of the arteriolar lesions. That the lesions 
of the arterioles are not those of ischemic 
necrosis is shown by their absence from the 
ischemic kidneys of the animals and their 
presence in organs in which there is no 
obvious ischemia. The exact nature of the 
chemical substance or substances which 
play the important part in the production 
of the anatomic lesions has not yet been 
elucidated. Winternitz and collaborators?! 
have been able to produce lesions of a 
similar nature by repeated injections of an 
extract of kidneys, but this does not prove 
that these chemical substances by themselves 
have the ability to produce these lesions 
and there is certainly no proof that the 
renin which was present in these extracts 
was the chemical substance responsible for 
the lesions. ‘The vasculitis and perivasculitis 
are probably a reaction to the degeneration 
and necrosis of the walls of the arterioles or 
may be caused by the same agent that 
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produces the necrosis. Lesions of arterioles 
similar to those of the malignant phase 
have been produced by the repeated intra- 
venous injections of tyramine but this does 
not justify the inference that tyramine is 
responsible for the lesions of the malignant 
phase. 

Malignant arteriolar lesions have been 
observed by Wilson and Byrom”? and others 
in the contralateral kidney of rats with 
hypertension caused by constriction of one 
main renal artery. We have not been able 
to confirm these observations in dogs, 
rabbits, monkeys, sheep or goats with 
hypertension due to constriction of one 
main renal artery. That hypertension by 
itself is able to cause the characteristic 
malignant arteriolar lesions in an animal 
with hypertension due to constriction of 
one main renal artery has therefore not been 
substantiated in experiments on other 
animals. All the glomerular and interstitial 
inflammatory lesions, as well as the vascular 
lesions within an otherwise supposedly 
normal rat kidney, have been observed by 
us in the kidneys of rats with normal blood 
pressure. A possible explanation of the 
changes in the arterioles of the contralateral 
kidney observed by Wilson and Byrom 
and the others may be the fact that they 
were unaware of the frequent coexistence of 
hydronephrosis or pyelonephritis in one or 
both kidneys of adult rats. By constriction 
of only one main renal artery they may have 
been dealing, in some of these rats, with 
bilateral renal disease. There is, of course, 
the remaining possibility that the rat differs 
in this respect from all other animals. 

Changes in Organs Other than the Kidney in 
Experimental Renal Hypertension. In experi- 
mental renal hypertension the pulse rate 
remains unaltered and there is no significant 
alteration in the output of blood from the 
heart. The blood volume in hypertensive 
dogs shows no significant alteration from 
the normal. The blood pressure in the lesser 
circulation (main pulmonary artery) is also 
within the limits of normal, indicating that 
the pulmonic vessels are not affected by 
peripheral vascular constriction. No signifi- 
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cant changes have been observed in the 
blood, with the exception of retention of 
nitrogenous products in the malignant 
phase. The pH of the blood remains normal 
in animals in the benign phase of hyper- 
tension. The lipid and protein content of 
the plasma shows no alterations but a 
slight increase of free cholesterol at the 
expense of the esterified fraction has been 
reported by Page. To this he has attached 
no special significance. 

Animals in the malignant phase with 
retention of nitrogenous products also show 
retention of guanidine compounds, but no 
special significance has been attached to 
this pressor substance in the blood because 
it does not accumulate in the blood in the 
benign phase. A redistribution of the water 
content of skeletal muscles of dogs with 
experimental renal hypertension has been 
reported. This occurs mostly in the malig- 
nant phase and merely indicates some 
extracellular edema. 

It is of interest that excision of the carotid 
sinus and of the cardiaortic nerves does not 
effect a lowering of the blood pressure in 
animals with constriction of the main renal 
arteries. We have found that excision of 
both carotid sinuses did not alter the de- 
velopment of hypertension produced by 
renal ischemia and that the level of blood 
pressure reached by such animals was no 
different from that of animals with intact 
carotid sinuses. It would seem that the 
regulatory system of the blood pressure 
functions actively in experimental renal 
hypertension and that it probably acts 
normally although at a high level. It has 

- been found that animals with experimental 
renal hypertension react in hypersensitive 
fashion to injections of adrenalin, tyramine 
and pitressin, but no one has suggested that 
these substances play any part in the origin 
of the elevated blood pressure. On the con- 
trary, Robbers and Westenhoffer”* have 
concluded that tyramine cannot be the 
cause of experimental renal hypertension 
because they found that injection of cocaine 
causes no fall of blood pressure in hyper- 
tensive dogs. The dog’s reaction to the cold 
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pressor test has been found to be the same 
after the development of hypertension as 
in the prehypertensive state. 

An interesting observation, confirmed by 
many investigators, is the fall of blood pres- 
sure in the hypertensive dog in the presence 
of an infection, especially distemper, with 
a return of the blood pressure to the initial 
level after the infection disappears. The 
slow return of the blood pressure to normal 
in the case of distemper is probably due to 
the slow recovery of the animals from this 
infection. Similar effects can be obtained by 
the injection of bacterial products, for 
example, typhoid vaccine injected intra- 
venously. Whether this effect is produced 
by the dilatation of systemic arterioles and 
decrease of peripheral resistance, or by dila- 
tation of afferent glomerular arterioles and 
increase of intraglomerular pressure, has not 
been established. 

Pathogenesis of Experimental Renal Hyper- 
tension. As soon as the successful produc- 
tion of experimental renal hypertension had 
been accomplished, it was realized that this 
might afford an opportunity to determine 
the possible causal relationship between 
hypertension and the arterio- and arterio- 
losclerosis so frequently observed in associa- 
tion with hypertension in man. 

The arteriolar sclerosis of the kidneys 
which has been reported by Fishberg,”* Bell 
and Clawson?> Moritz and Oldt”® and others 
to be an almost constant necropsy finding 
in cases of human essential hypertension, 
has been interpreted by some as proof for 
the view that the hypertension comes first 
and that it is the cause of the renal vascular 
disease. Biopsy specimens of kidney obtained 
from the same individuals before and after 
the development of hypertension would, of 
course, help to solve this problem. ‘There 
is no way of determining which persons will 
develop hypertension, and, for many other 
reasons, such a study of human beings is 
not possible. Biopsy specimens of kidneys in 
cases of established human hypertension 
have, however, been obtained by Castleman 
and Smithwick.?’ Their study did not lead 
to a solution of the problem and there is 
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certainly no good reason for accepting the 
conclusion of the authors that the results 
of their investigation show that the vascular 
disease is caused by or develops after hyper- 
tension. Study of a few arterioles in a minute 
specimen from the periphery of the cortex 
of the kidney can hardly afford any estimate 
of the hemodynamic state of the entire 
kidney. As a matter of fact, stenosis of one, 
large intrarenal artery could easily account 
for profound hemodynamic disturbances in 
a large mass of kidney substance supplied 
by thousands of arterioles that are not them- 
selves diseased. Such intrarenal stenosing 
arteriosclerosis of large intrarenal vessels is 
a common finding in kidneys with vascular 
disease. It is the opinion of the author that 
the possible contribution of this obliterative 
sclerosis of the large intrarenal arteries, and 
even of the main extrarenal artery, to the 
disturbance of intrarenal hemodynamics 
has been underestimated. That extrarenal 
obliterative arteriosclerosis of the main 
renal artery can and frequently does occur 
in individuals with hypertension has been 
shown by Blackman.'? This may or may 
not be accompanied by intrarenal arterial 
and arteriolar sclerosis. At no time has it 
been asserted by us that stenosis of the main 
renal artery, unilateral or bilateral, is a 
common cause of human essential hyper- 
tension or that experimental constriction 
of the main renal artery reproduces the 
anatomic state of the vascular system in the 
hypertensive kidney. However, when it 
exists, the part played by such obliterative 
sclerosis of the main renal artery cannot be 
denied and the effectoftheclamp isregarded 
as reproducing the intrarenal hemodynamic 
disturbance of the kidney produced by the 
intrarenal arterial and arteriolar sclerosis, the 
condition commonly found in the kidney of 
patients with hypertension. 

Production of the counterpart of the 
benign and malignant phases of human 
hypertension in animals has made possible 
investigation of the probable pathogenesis of 
hypertension in man. The following mech- 
anisms may be involved in elevation of 
blood pressure: (1) neurogenic, with vaso- 
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constriction due to afferent nervous stimuli 
from the nerve endings in the kidneys to the 


vasomotor centers or sympathetic ganglia; 


(2) afferent stimuli from the kidneys, with 
resulting output of an increased amount of 
some known internal secretion which pro- 
duces vasoconstriction either by central 
or peripheral action; (3) the entrance into 
the circulation of a primary pressor sub- 
stance of renal origin, or the formation of a 
pressor substance as the result of interaction 
of a renal substance with a substance or 
substances already present in the blood. 
Neurogenc Mechanism. By elimination of 
various portions of the nervous system and 
constriction of the main renal arteries before 
or after the section or excision of the nerves, 
it was shown that experimental renal hyper- 
tension is not caused by a nervous reflex 
from the kidney affecting the vasomotor 
mechanism of the body. Since a nervous 
reflex originating in the kidney is not the 
cause of experimental renal hypertension, 
a humoral mechanism is probably at play. 
There are those however who, like Ogden,**® 
concede that a renal humoral pressor 
mechanism initiates experimental renal 
hypertension but believe that this is later 
superseded by a neurogenic mechanism 
mediated through the sympathetic nervous 
system. This view has not yet been estab- 
lished but it deserves more investigation. 
Endocrinogenic Mechanism. No one denies 
the existence of human hypertension of 
endocrine origin. Hypertension associated 
with pheochromocytoma of the adrenal and 
with pituitary basophilic adenoma or baso- 
philism are cases of this kind. However, 
there is certainly no good reason for believ- 
ing that essential human hypertension is of 
endocrine origin. In the case of experimental 
renal hypertension, it has been shown that 
hypophysectomy, thyroidectomy, gonadec- 
tomy and pancreatectomy have no sig- 
nificant effect in preventing or lowering 
experimental renal hypertension in the dog. 
It has also been shown that the only endo- 
crine organ which may possibly play a 
significant, even if only a secondary part in 
experimental renal hypertension, is the 
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adrenal gland. The medulla of the adrenal 
plays no part in the origin or maintenance 
of the elevated blood pressure in experi- 
mental renal hypertension, but there is some 
indication that the adrenal cortex may be of 
secondary importance. Complete excision 
of both adrenals in the dog interferes with 
the development of hypertension due to 
constriction of the main renal arteries unless 
adequate supportive and substitution ther- 
apy is given. When only a small part of the 
cortex of a single adrenal remains, there is 
no interference with the development of 
experimental renal hypertension in the dog. 
If both adrenals of a hypertensive animal 
are removed, the blood pressure promptly 
falls to normal. There is some evidence that 
the mode of action of the cortical hormone 
is to influence the production of a pseudo- 
globulin in the blood which acts as a sub- 
strate for the activity of renin to form the 
pressor substance, hypertensin. 

The production of hypertension in dogs”® 
by ligation of the hilar adrenal vein and the 
grossly visible small arteries and veins at 
either the superior or inferior pole of only 
one adrenal (Victor?®) has not been con- 
firmed by those who have repeated this 
experiment. The significance of this con- 
tribution remains to be established. 

The recent contributions of Selye to the 
subject of the hormonal factors in hyper- 
tension, including the so-called endocrine 
kidney, await confirmation and will not be 
discussed in detail in this paper. 

Renal Humoral Mechanism. ‘That a hu- 
moral mechanism might be responsible for 
the elevated blood pressure in experimental 
renal hypertension was first indicated by 
the effect of tying off the renal veins in dogs 
with the main renal arteries constricted 
adequately to produce hypertension. Al- 
though these animals developed uremia and 
died in two to seven days, at no time did 
they show any elevation of blood pressure. 
The gradual elimination of a_ possible 
primary part played by the nervous and 
endocrine systems also stimulated the search 
for a probable humoral mechanism of renal 
origin which might be responsible for the 
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elevation of the blood pressure in this type 
of hypertension and possibly also in human 
essential hypertension associated with renal 
disease. Most of the recent contributions to 
this subject have dealt with the humoral 
mechanism, about which there are now two 
separate and distinct views: (1) that a 
kidney with a constricted main renal artery, 
or with any other pathologic condition 
which may bring about a similar disturb- 
ance of renal circulation, may be the source 
of a chemical substance which when it 
enters the circulation raises the blood pres- 
sure; (2) that the normal kidney is ordinarily 
the source of a substance which has the 
ability to prevent hypertension and _ that 
it is the absence, destruction or neutraliza- 
tion of this substance which results in 
elevated blood pressure (Grollman). Most of 
the evidence presented to date favors the 
former view but unequivocal proof for this 
view is still lacking. 

The fact that interference with the blood 
supply to any other organ but the kidney 
does not result in either temporary or 
permanent elevation of the blood pressure 
and that constriction of the celiac axis, the 
superior mesenteric artery, the femoral and 
splenic arteries and even the aorta below 
both main renal arteries fails to raise the 
blood pressure can be adduced as evidence 
that the kidney is unique in this effect. 
It has been shown that azotemia alone is 
not a sufficient condition for the elevation 
of blood pressure because bilateral neph- 
rectomy or anastomosis between renal 
artery and vein, although followed by pro- 
found azotemia, are not followed by the 
development of hypertension. Acute neph- 
rosis with uremia due to various metallic 
poisons also rarely results in an elevation of 
blood pressure. The shunting of the venous 
blood of a unilaterally nephrectomized dog 
from its only kidney through the liver by 
means of a reversed Eck-fistula does not 
prevent the development of hypertension 
due to constriction of the main renal artery, 
nor does it lower the blood pressure in a 
hypertensive animal. This excludes any 
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important effect of the liver on the pressor 
substance of renal origin. 

Direct demonstration of the probable 
existence of a humoral mechanism of ex- 
perimental renal hypertension was given 
by the transplantation of a kidney to the 
neck or groin of a bilaterally nephrectomized 
dog or rabbit (Braun-Menendez and col- 
laborators). When the renal artery of the 
transplanted kidney, with no nervous con- 
nection with the rest of the body, was con- 
stricted, a pressor effect resulted after the 
usual interval. Also, transplantation of a 
partially or completely ischemic kidney 
from one dog to the neck of a bilaterally 
nephrectomized dog resulted in an im- 
mediate temporary elevation of the blood 
pressure when the circulation to the ischemic 
kidney was restored. This indicated that 
some chemical substance capable of bring- 
ing about peripheral vasoconstriction had 
been released from the ischemic kidney 
into the circulation. Whether or not this 
substance in the kidney is itself a vasocon- 
strictor or whether it becomes a vasocon- 
strictor after entering the blood stream 
is not elucidated by this experiment. 
Demonstration that sudden release of a 
clamp kept for five to seven hours on the 
entire renal pedicle (artery, vein and ureter) 
was followed by a prompt elevation of the 
blood pressure is another indication of the 
existence of a humoral mechanism. Re- 
moval of a completely ischemic kidney 
from the body without release of the clamp 
on the pedicle and perfusion of the kidney 
with normal saline solution resulted in the 
demonstration of a powerful pressor sub- 
stance in the perfusate when injected into 
the same or into another animal (Prinz- 
metal, Lewis and Leo).*° It is now generally 
recognized that the chemical substances 
involved in all of these experiments are 
probably the same. 

By use of the Lawen-Trendelenburg tech- 
nic in the South American toad the 
presence of a vasoconstrictor substance in 
the blood plasma obtained from the renal 
vein of a dog with experimental renal 
hypertension due to complete constriction 


Experimental Renal Hypertension—Goldblatt 


of the main renal artery was demonstrated. 
Most investigators failed to find pressor 
substances in the systemic blood of hyper- 
tensive dogs or of human beings with 
hypertension. There was also no effect of 
blood from hypertensive dogs on the tonus 
of surviving arterial rings (Wakerlin), but 
Solandt and collaborators*! did observe a 
definite rise in the blood pressure of a 
bilaterally nephrectomized dog to which 
they gave a direct transfusion of blood from 
a hypertensive dog; and Braun-Menendez 
and Fasciolo observed a pressor effect in a 
normal dog as a result of the intravenous 
injection of 100 cc. of renal venous blood 
from the transplanted renal ischemic kidney 
of another dog. 

Piperidomethyl-benzodioxane (933F) 
does not have greater effect on the blood 
pressure of a hypertensive animal than on 
that of a normal one, whereas in both 
normal and hypertensive animals, the effect 
of epinephrine is completely reversed by an 
injection of this substance. This indicates 
that the effective vasoconstrictor substance 
of the kidney is not sympathomimetic. 

All of the investigations mentioned above 
pointed to a chemical agent of renal origin 
as the probable cause of the elevated blood 
pressure in experimental renal hypertension. 
The search for the hypothetical pressor 
agent began with the repetition of some old 
experiments made by Tigerstedt and Berg- 
man*? which had been confirmed by some 
and denied by others. They consisted of the 
demonstration of a substance in the crude 
saline extract of a normal rabbit kidney 
which was capable of inducing a pressor 
effect when injected intravenously into a 
normal rabbit. For this substance the 
original term, renin, suggested by these 
authors has now been accepted as the name 
of the basic principle of the humoral me- 
chanism of experimental renal hypertension. 
The demonstration by Prinzmetal and others 
of the existence of a greater amount of this 
substance in the kidneys of dogs with 
experimental renal hypertension and of 
human beings with hypertension associated 
with nephrosclerosis should be confirmed 
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by the newer methods for extraction and 
testing of this substance. In early experi- 
ments, the difficulty was that renin, which 
seemed to present at least some of the basic 
requirements for the hypothetical pressor 
substance of experimental renal hyperten- 
sion, lacked any vasoconstrictor effect when 
perfused in saline solution through the 
lower half of a toad or the leg or tail of a dog 
from which the blood had been washed out. 
Two groups of investigators (Braun-Menen- 
dez and collaborators and Page and col- 
laborators) independently discovered that 
renin is not directly pressor and that 
although it is the key substance of the 
humoral mechanism its effect is due to the 
interaction with a substrate in the blood, 
with the resulting formation of an entirely 
new substance possessing vasoconstrictor 
and therefore pressor properties. ‘io this 
latter substance the South American in- 
vestigators gave the name _hypertensin 
while Page and collaborators named _ it 
angiotonin. The term hypertensin is now 
generally accepted. As a result of these 
earlier observations, Landis, in 1940, wrote: 
‘The evidence that renal ischemia raises 
the blood pressure by a humoral mechanism 
seems unassailable.’? However, even to this 
day, some observers have concluded that 
there is no peripheral vasoconstrictor sub- 
stance in the blood of hypertensive animals. 

Although there is general agreement that 
in the acute phase of experimental benign 
renal hypertension, in the malignant phase 
of experimental renal hypertension and in 
various -forms of hypertension associated 
with renal insufficiency in man (such as 
eclampsia and acute glomerulonephritis), 
renin and hypertensin are demonstrable in 
the systemic blood, it has not been demon- 
strated that renin in appreciable quantity 
exists in the systemic blood of animals in 
the chronic benign phase of experimental 
renal hypertension or in human beings in 
the benign phase of essential hypertension. 

Whether or not the normal kidney plays 
a part in the homeostatic regulation of 
normal blood pressure through the humoral 
mechanism of renal origin, which begins 
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with the excretion of renin, is still not 
established, but evidence is accumulating 
that it may play such a part. It has been 
shown, for example, that in shock the 
secretion of renin is induced and it is 
thought that the low blood pressure which 
produces renal ischemia is the cause. 
Although the existence of renin was dis- 
covered only about four years after the 
discovery of adrenalin by Oliver and 
Schafer and although the possible relation- 
ship of renin to the rise of arterial pressure 
in hypertension was obvious to the original 
investigators, nevertheless more than forty 
years passed before the existence of this 
substance was fully established. One of the 
reasons for this was the failure of some in- 
vestigators to corroborate the original 
findings of Tigerstedt and Bergman. Many 
investigators who attacked this problem 
were really dealing with putrefactive pres- 
sor amines, not with renin, when they 
obtained pressor effects from the intra- 
venous injection of autolyzed but not of 
fresh renal pressed juice. 

Renewed interest in renin arose with dis- 
covery of the method of producing persistent 
hypertension in animals by constriction of 
the main renal arteries. ‘The existence of a 
substance like that of ‘Tigerstedt and Berg- 
man in crude and even in more purified 
extracts of kidney was quickly confirmed. 
It was shown, moreover, that, as already 
indicated, the physiologic effects on the 
circulation resulting from the intravenous 
injection of this substance are not really 
due to the renin itself, which is not a vaso- 
constrictor, but are caused by hypertensin, 
the effective pressor substance formed by 
the interaction of renin upon a substrate 
(a2 pseudoglobulin) in the blood plasma. 

Page and Helmer noted that when renin 
is incubated with plasma or with serum, 
angiotonin (hypertensin) is formed, but that 
continued incubation results in the destruc- 
tion of the angiotonin. This led them to 
believe that the continued action of the 
renin was responsible for the destruction of 
angiotonin. Mufioz and his collaborators, 
however, showed that this inactivating 
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effect of renin could be eliminated whereas 

the capacity of the renin to produce a 

pressor substance remained unaffected. This 

led them to postulate the existence of 
another enzyme associated with impure 
renin to which they gave the name hyper- 
tensinase. Page and collaborators later 
conceded the existence of such an enzyme 
and coined the name angiotonase for this 
enzyme to correspond with their nomen- 
clature. This is a hydrolyzing enzyme or 
group of enzymes with the ability to destroy 
hypertensin in vitro. It is present in the blood 
plasma, serum, laked blood corpuscles and 
extracts of organs, especially intestine, 
kidney, pancreas, spleen and liver. In- 
testinal mucosa is the richest animal source 
of this enzyme. Blood serum and plasma 
that are not hemolyzed contain only a 
relatively small amount. An enzyme exactly 
like hypertensinase in its chemical and 
physiologic properties may be extracted 
from various plants, especially from wheat 
bran (Gollan, Richardson and Goldblatt). 

The chemical and physiologic properties of 

this enzyme have been described in detail 

in other publications. 

Various names have been suggested for 
the different constituents of the humoral 
mechanism but the tendency at the present 
time is to accept the terminology originally 
suggested by the South Americans: 

Renin (an enzyme from the kidney which 
enters the blood stream through the renal 
vein and interacts with hypertensinogen). 

Hypertensin (a polypeptide formed by the 
action of renin. It is the active vasocon- 
strictor substance). 

Hypertensinogen (a globulin in the blood 
plasma upon which renin acts to form 
hypertensin). 

Hypertensinase (an enzyme in the blood 
and in extracts of some organs capable of 
inactivating hypertensin). 

The chemical and physiologic properties 
of the various constituents of the humoral 
mechanism have now been described in 
great detail in several publications and will 
not be included at this time. The details 
about the method of assay for the various 
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constituents will also be omitted from this 
report. 

Mechanism and Site of Formation of Renin. 
Little is known about the exact mechanism 
and site of formation or release of renin, 
despite the vast amount of work that has 
been done on the properties of the various 
constituents of the humoral mechanism in 
experimental hypertension. Even at the 
present time, there are those who, like 
Grollman, question the existence of pre- 
formed renin in the kidney and who 
consider that it is merely the product of auto- 
lysis in vitro. His experiments may merely 
indicate that in the renal tissue of the living 
animal there exists a renin precursor 
(prorenin) which is transformed into renin 
as it leaves the living cell and that the same 
transformation can also occur in vitro. 
Phenomena of this kind are known to occur 
in the case of other proteolytic enzymes of 
which trypsin is a good example. 

Just what it is that occurs in the kidney 
with a constricted renal artery leading to 
the release or formation of renin sufficient 
to cause hypertension is not yet known. 
The observation of decreased oxygen con- 
sumption by the ischemic kidney or by 
ischemic renal tissue has been confirmed, 
but the significance of this phenomenon 
has been questioned on the ground that the 
reduction may have been due to the death 
of a certain number of cells and not to uni- 
form interference with the function of 
living cells. The continuous inhalation of 
100 per cent oxygen for forty-eight hours 
failed to lower the blood pressure of hyper- 
tensive dogs and the inhalation of 7 to 
10 per cent COz did not cause a greater 
rise of blood pressure in such dogs. This 
has been interpreted as unfavorable to the 
view of a hypothetical ischemic factor in 
the pathogenesis of experimental renal 
hypertension. Cruz Coke,** however, has 
concluded that tissue anoxia, especially 
renal, plays an important part in the 
humoral mechanism of renal hypertension. 
The demonstration that the cytochrome C 
concentration and the activities of cyto- 
chrome oxidase and_ succinic dehydro- 
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genase are greatly diminished in slices and 
homogenates of kidneys of hypertensive 
dogs may be subject to the same criticism 
as the experiments on oxygen consumption. 
The significance of these observations can- 
not be evaluated at the present time and 
more work should certainly be done in this 
field. 

Most zn vitro experiments on the origin of 
renin have indicated that it originates in 
the cortex of the kidney, and especially in 
the lining epithelium of the convoluted 
tubules. The finding that extracts of the 
aglomerular fish kidney contain no renin 
proved of no great significance because it 
was shown later that marine fish kidneys 
which do possess glomeruli also do not con- 
tain renin while the kidneys of fresh water 
fish do possess it in considerable amount. 
An explanation for this difference has not 
yet been found. Renin can be detected in 
the kidney of the dolphin which is a marine 
animal. The involuting tubular portion of 
the mesonephros of the pig embryo de- 
creases while that of the developing tubular 
portion of the mesonephros increases, and 
renin cannot be extracted from kidneys in 
which the proximal tubules have been 
destroyed by sodium tartrate poisoning. 
These facts indicate that the convoluted 
tubules are the most probable site of origin 
(production and storage) of renin or at least 
of prorenin, if this exists. The exact nature 
of the stimulus which brings about the 
release of renin or prorenin has not yet been 
determined. The idea suggested by Page 
and his collaborators that reduction of intra- 
renal pulse pressure rather than decreased 
blood flow to the kidney is what determines 
the release of renin and the formation of 
vasoconstrictor substance depends entirely 
upon the demonstration of a pressor sub- 
stance in the blood by perfusion of the 
rabbit’s ear. This method is not accepted 
as a specific test for renin or angiotonin so 
it is questionable just what significance 
should be attached to these experiments. 
Even the assumption of a presumable change 
from intermittent to continuous pressure 
beyond the site of the afferent glomerular 
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arterioles is not justified for the very reason 
that a pulse pressure in the glomerulus has 
never been proven. Braun-Menendez has 
stated unequivocally that ‘“‘the idea that 
diminished pulse pressure within the kidney 
causes the liberation of renin has no solid 
experimental proof.” ‘The reduction of 
blood flow through the functioning com- 
ponents of the kidney (glomerular and 
peritubular capillaries) is another possible 
stimulus for the formation and release of 
these substances. That there is a reduction 
in the blood flow to the kidneys in most cases 
of essential hypertension affecting both 
kidneys equally, as well as in the early stages 
of renal hypertension, is an established fact 
but there is still some question as to whether 
permanent reduction of the blood flow is 
necessary for persistence of hypertension in 
animals. ‘The answer to this question must 
await better and more direct methods than 
are available at present for repeated de- 
terminations of renal blood flow before 
and after constriction of the renal artery. 
Page and his collaborators have concluded 
that reduction of blood flow is not a neces- 
sary condition for the development of 
hypertension because, by indirect methods 
they have found that occasionally in animals 
no permanent reduction occurred in the 
blood flow to the kidney, despite a slightly 
increased blood pressure. For the demon- 
stration of true renal ischemia, Chasis and 
Redish require that the ratio of renal plasma 
flow (diodrast clearance) to tubular ex- 
cretory mass (maximum tubular secretion 
of diodrast) should be calculated since 
reduction of diodrast clearance alone does 
not necessarily mean renal ischemia. Smith 
and his co-workers consider that the avail- 
able evidence favors the view that the renal 
ischemia so frequently observed in essential 
renal hypertension is a secondary event, 
and that the primary event is the circulation 
of a humoral substance of unknown origin 
which brings about efferent arteriolar spasm 
with progressive and parallel reduction in 
renal blood flow which they consider 
characteristic of essential hypertension. 
Others believe that the afferent arteriolar 


- 
; 


114 


spasm is due to hypertensin produced by 
renin in the blood, but in experimental 
renal hypertension this begins only after 
the renal artery is constricted; in man, 
therefore, it should begin only when the 
blood vessels (intrarenal arteries and arteri- 
oles) are stenotic. 

Dock demonstrated the existence of a 
normally perfusable vascular bed in the 
kidneys of human beings with benign hyper- 
tension, especially when the perfusing fluid 
was kerosene, but this does not justify the 
conclusion that perfusion of blood through 
the kidney in vivo is normal in such indi- 
viduals. Despite the obvious objection to 
the method, it is of interest that there was a 
great decrease in the rate of perfusion (even 
of kerosene) through the kidneys of patients 
with uremia due to arteriosclerosis, glom- 
erulonephritis and pyelonephritis. Too little 
is known about the anatomy of the renal 
vascular bed and the effective circulation 
through the functioning components of the 
kidney to permit any conclusions from 
experiments of this kind about the effect 
of intrarenal stenosing vascular disease or 
of any other pathologic process capable of 
producing similar hemodynamic disturb- 
ances. The existence of intrarenal large 
arterial and arteriovenous anastomoses 
would nullify the value of most perfusion 
experiments. The recent studies of Trueta*‘ 
indicate that such anastomoses do exist and 
that even on the basis of vasospasm, blood 
may be shunted away from the cortex in 
sufficient quantity to account for cortical 
ischemia. 

The possible part played by the juxta- 
glomerular apparatus in the humoral me- 
chanism of experimental renal and of 
human hypertension has not yet been 
determined with certainty. This anatomical 
structure, which is situated in the distal 
portion of the afferent arteriole of the 
glomerulus, has been described in detail by 
Goormaghtigh** and others. Goormaghtigh 
has reported an increase in the size of the 
juxtaglomerular apparatus and in_ the 
number and size of the afibrillar and some- 
times granular or vacuolated cells of this 


Experimental Renal Hypertension—Goldblatt 


apparatus in the kidneys of rabbits and 
dogs with renal hypertension. He has also 
concluded that the afibrillar and granular 
cells may have a local or even a general 
secretory or humoral activity and may 
therefore have a direct relationship to the 
hypertensive principle. Afibrillar cells are 
common in the normal kidney of the rabbit, 
but Goormaghtigh has found an increase 
in the number of afibrillar and granular 
cells in the juxtaglomerular apparatus of 
rabbits made hypertensive by constriction 
of the main renal artery. He thinks that the 
afibrillar cells are connected with the 
arteriolar tone and that the granular cells 
are the source of the pressor substance. 
Dunihue’® and Kaufmann* have confirmed 
his findings and agree with his conclusions. 
Graef and Smith, however, have drawn 
attention to the great variation in the 
appearance of the arteriolar media and in 
the size and structure of the juxtaglomerular 
apparatus in normal man and animals and 
have cautioned that because of species 
differences (for example, the absence of 
granular cells in the kidney of man and 
dog), interpretation of the effects of ischemia 
must be contingent upon a more complete 
study of normal kidneys. The development 
of cytologic changes in the juxtaglomerular 
apparatus, interpreted by some investigators 
as indicative of endocrine activity, does not 
constitute convincing proof of the origin 
of an endocrine substance or precursor in 
this structure. 

No direct convincing evidence has been 
offered to the present time that any special 
cells in the juxtaglomerular apparatus or 
preglomerular arterioles actually are the 
source of a chemical factor which constricts 
afferent or efferent glomerular or peripheral 
systemic arterioles. There is, therefore, no 
good reason as yet for accepting the view 
that this apparatus is the regulator of 
glomerular blood flow or the indirect cause 
of hypertension. The presence of renin in 
extracts of kidneys of developing pig em- 
bryos, in which a juxtaglomerular appara- 
tus has not been identified, rather militates 
against this view. For the present it is best to 
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say that the functional significance of the 
juxtaglomerular apparatus in its relation to 
hypertension has not yet been determined 
with certainty. 

The possible part played by the vaso- 
excitor material (VEM) and vasodepressor 
material (VDM) of Shorr and his col- 
laborators** in the pathogenesis of experi- 
mental renal hypertension is yet to be 
determined. This subject will be discussed 
separately by Dr. Shorr in these seminars. 

Shipley, Helmer and Kohlstaedt®® have 
discovered a pressor principle in the blood 
of cats, dead as the result of certain un- 
diagnosed natural causes, of D.D.T. poison- 
ing, or of prolonged hypotension resulting 
from large withdrawal of blood. Intravenous 
injection of the plasma of such animals into 
cats bilaterally nephrectomized two days 
before caused a sustained elevation of blood 
pressure for as long as five hours but had on 
effect on normal cats. This effect occurred 
with or withgut anesthesia and even in the 
pithed, nephrectomized test animals. The 
new pressor principle appears to be distinct 
from renin, angiotonin, pepsitensin, hy- 
droxytyramine or tyramine because of the 
difference in contour and duration of 
the pressor response and the difference in the 
conditions under which the response was 
observed. This principle was not found in 
the blood plasma of bilateral nephrectomized 
cats poisoned with D.D.T. in which pro- 
longed hypotension had been produced by 
excessive bleeding or in animals made 
uremic by bilateral nephrectomy. It was not 
found in the blood plasma of normal living 
cats or of normal cats which had been 
killed suddenly by various means. ‘They 
concluded that a moderately prolonged 
period of hypotension (with concomitant 
diminished blood flow and/or blood pres- 
sure within the kidneys) is necessary for the 
production of this pressor principle. ‘They 
have not yet isolated this substance in 
pure form but have concluded that it 
appears to be a protein; it does not pass 
through a dialyzing membrane or ultra- 
filter and is heat-labile. The active substance 
is partly but not completely precipitated 
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at pH 4 by saturation of the extract with 
sodium chloride or by 0.6 saturation with 
ammonium sulfate. Although it has been 
demonstrated that renin does appear in 
the blood in the state of hypotension due 
to excessive bleeding, the amount of renin 
present is not sufficient to account for the 
pronounced and sustained pressor action 
of the hypertensin produced by the renin in 
the amount of plasma used in the experi- 
ment mentioned above. Injection of a fresh 
solution of renin extracted from kidney, 
capable of producing hypertensin in vitro, 
did not cause the same marked or sustained 
pressor response in the pithed, bilaterally 
nephrectomized cat. The fact that this new 
pressor substance produces such a sustained 
effect is of great interest. There does not 
appear to be any obvious connection be- 
tween this pressor substance and _ the 
substances described by Shorr and his col- 
laborators. The significance of this con- 
tribution to the problem of the humoral 
mechanism of hypertension and the regula- 
tion of normal blood pressure remains to 
be determined. 

On the basis of experiments on renal 
hypertension in the rabbit, Pickering has 
concluded that only the initial phase of this 
type of hypertension is due to the renin-hy- 
pertensin mechanism and the persistence of 
the hypertension is not due to a neurogenic 
mechanism, as proposed by Ogden, but to 
another humoral mechanism. Because the 
pressor substance involved in the latter is 
not of renal origin, it is not identical with 
that of Shipley and his collaborators. More 
work is required before the exact nature of 
the mechanism involved in the acute and 
chronic phases of experimental renal hyper- 
tension can be considered established. 

Antirenin. The entire subject of anti- 
renin is a separate chapter which will not be 
discussed at great length here because it is 
not yet established that antirenin is speci- 
fically responsible for the antipressor effects 
originally described by Wakerlin and his 
collaborators.4° These investigators found 
that in the serum of rabbits, dogs and guinea 
pigs (but not of the horse) injected subcu- 
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taneously or intramuscularly with renin 
from various species (not with homologous 
renin) a substance develops in the blood 
which is capable of neutralizing zn vitro the 
acute pressor effect of an intravenous injec- 
tion of renin. They regard this principle as 
analogous to an antibody, antienzyme or 
antihormone and suggested for it, the name 
antirenin. The injection of heat-inactivated 
homologous or heterologous renin does not 
induce the formation of antirenin in either 
normal or hypertensive dogs. After a normal 
or hypertensive animal has developed a 
high titer of antirenin large doses of homo- 
logous or heterologous renin may be injected 
intravenously without producing any change 
in the blood pressure. Wakerlin and _ his 
collaborators and we have found that 
repeated injection of heterologous renin 
subcutaneously or intramuscularly into hy- 
pertensive animals causes a fall of blood 
pressure to normal within a period of 
several months and that similar injections 
into normal animals for several months will 
prevent the development of renal hyper- 
tension when the renal arteries are con- 
stricted. Although he was the first to produce 
antirenin and was inclined at first to attribute 
these effects to antirenin, Wakerlin now 
considers that antirenin is not responsible 
for the prevention or cure of hypertension. 
We consider that the evidence on which he 
repudiates the significance of antirenin is 
not conclusive. This phase of the problem 
requires more investigation. 

The possible application of the results 
obtained in animals to the treatment of 
human hypertension is beset with the diffi- 
culty that homologous renin does not induce 
the development of antirenin and the fact 
that human beings respond with a pressor 
effect to the intravenous injection of only 
homologous (human) renin. 


SUMMARY OF THE SIMILARITIES AND DIFFER- 
ENCES BETWEEN ESSENTIAL HYPERTENSION 
IN MAN AND EXPERIMENTAL RENAL 
HYPERTENSION 


Under this heading I can do no better 
than to repeat practically verbatim what I 
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have already written under the same title 
before. 

In two recent books on the subject of 
experimental hypertension, divergent views 
were expressed about the mechanism of 
elevation of the blood pressure. Goldring 
and Chasis® concluded that the weight of 
the evidence was against identity of the 
primary mechanism in human essential 
and experimental renal hypertension. They 
postulated the existence of a primary 
humoral mechanism of unknown origin 
to which a renal component may con- 
tribute a secondary and accessory effect. 
Braun-Menendez and his collaborators, * in- 
cluding Dexter who recently translated 
their book into English, have adopted the 
view that human essential hypertension in 
both the benign and malignant phases is 
primarily of renal origin. The existence of 
many similarities between any two processes 
or substances does not necessarily prove 
their identity, but I believe as they do that 
experimental renal hypertension faithfully 
reproduces human essential hypertension in 
most respects and that, for the present at 
least, it may be well to entertain the view 
that essential hypertension in man may be 
of renal origin. 

In both types of hypertension there may 
be no significant disturbance of renal ex- 
cretory function (the benign phase); or 
there may be pronounced renal excretory 
functional disturbance with uremia (the 
malignant phase), depending entirely, in 
experimental hypertension, upon the degree 
of constriction of the main renal artery. 
The malignant phase of human _hyper- 
tension also may be directly dependent upon 
the severity and distribution of the sclerosis 
and stenosis of the intrarenal arteries and 
arterioles. Although an increase in the con- 
centration of guanidine in the blood has 
been demonstrated in the malignant phase 
of hypertension in animals and man, this 
has little or no significance in relation to 
the cause of the hypertension because it 
occurs also in bilaterally nephrectomized 
animals that have azotemia but no elevation 
of blood pressure. In both types of hyper- 
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tension, cardiac action is increased but 
cardiac rate and output, volume, viscosity 
and peripheral flow of blood and venous 
pressure remain unaltered. In both man 
and animals, pulmonic arterial pressure also 
remains unaltered when the hypertension 
is uncomplicated by left ventricular failure 
as indicated by a normal right heart. In 
the benign phase of hypertension in both 
human beings and animals, cardiac hyper- 
trophy chiefly involving the left ventricle 
develops. Medial hypertrophy of the aorta 
and arteries also occurs in both man and 
animals. In the malignant phase of both, 
essential hypertension in man and experi- 
mental renal hypertension in animals, 
many organs show the same typical vascular 
lesions (arteriolar necrosis, fibrinoid degen- 
eration and necrotizing arteriolitis) which 
are recognized as characteristic of this 
condition. 

The response to medical treatments of 
great variety is practically the same in both 
human and experimental renal hyperten- 
sion. In both types of hypertension the 
blood pressure tends to go to higher levels 
with gain in body weight. The effect of a 
high protein diet is still undetermined. In 
both man and animals, hypertension asso- 
ciated with unilateral renal disease may be 
cured by excision of the diseased kidney, 
provided the other kidney is normal. 
Bilateral nephrectomy does not result in a 
rise cf blood pressure in either man or 
animal, this despite the rapidly developing, 
profound azotemia. Sympathectomy, partial 
or extensive, may result in at least a tempo- 
rary fall of blood pressure in human hyper- 
tensives without affecting the cause of the 
primary hypertension but there is little or 
no effect as a result of this procedure in 
animals. Whether or not this difference 
exists because the dog does not assume the 
erect position, with its consequent hemo- 
dynamic effects on the vasomotor apparatus, 
cannot be stated with certainty at the 
present time. The fact that after sympa- 
thectomy the blood pressure falls profoundly 
in some cases only when the patient is in the 
vertical position, that it rises again when 
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the horizontal position is assumed and that 
it returns to the original high level in a 
considerable number of hypertensive pa- 
tients, favors the probability of a renal 
humoral mechanism in which the vasocon- 
strictor substance is presumed to act directly 
on the musculature of the peripheral arteri- 
oles and not by way of the vasomotor 
nerves. This is in keeping with. the con- 
clusions of Prinzmetal and Wilson'* and 
Pickering’® as a result of their studies on the 
pathogenesis of human hypertension. 

The frequent fall of blood pressure which 
appears in the late stage of pregnancy in 
animals with experimental renal hyper- 
tension remains as unexplained as a similar 
fall which has been observed by obstetricians 
in some hypertensive, pregnant women. 
The observation of polydipsia and polyuria 
in rats with experimental renal hypertension 
has not been emphasized in human hyper- 
tension and has not been reported in hyper- 
tensive dogs although the diuretic effect of 
renin injected intravenously into dogs has 
been mentioned. 

Renal blood flow is reduced in most cases 
of human hypertension and in experimental 
renal hypertension. ‘The direct studies of 
blood flow through the human kidney do 
not demonstrate clearly the physiologic 
effect of sclerosis of the afferent arterioles 
because the presumable vasospasm of the 
efferent arterioles, which results in a high 
glomerular filtration fraction, tends to 
mask the sclerosis. Although the inter- 
ference with afferent blood flow is definite 
in animals and obviously brought about by 
constriction of the main renal artery, the 
same indirect signs of efferent vasospasm 
and increase of glomerular filtration fraction 
have been reported in hypertensive animals. 
In both humans and animals, this effect 
may be secondary to the primary humoral 
mechanism of renal origin which results 
from the hemodynamic disturbance pro- 
duced by the preglomerular vascular disease. 

The existence of renin has been demon- 
strated in the renal venous blood of ischemic 
kidneys of both humans and animals and 
the intravenous injection of renin or hyper- 
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tension gives the same indirect evidence of 
efferent vasospasm. In acute hypertension, 
whether benign or malignant, renin has 
been demonstrated even in the systemic 
blood of dogs and in patients with hyper- 
tension due to acute glomerulonephritis or 
eclampsia. The failure to demonstrate it in 
the systemic blood in human and experi- 
mental renal hypertension in the chronic 
benign phase may be attributable to the 
amount of blood used for the tests being 
inadequate or to the lack of sensitivity of 
the method for its detection. Whether the 
humoral mechanism is effective in only the 
relatively acute stages of hypertension and 
whether, as has been suggested, there is 
in the later stages a greatly increased 
sensitivity to hypertensin; whether another 
humoral mechanism is involved or whether 
the later stage of the hypertension is on a 
neurogenic basis, remains to be determined. 
Comparison of the pharmacologic effects of 
renin and the circulatory dynamics in 
hypertensive animals shows a parallelism 
that is striking but this does not mean that 
the chemical mediation of hypertension by 
means of renin has been proved either for 
animal or man. The participation of other 
pressor substances, such as epinephrine, 
tyramine, pitressin and guanidine, can be 
excluded from serious consideration. 
Although the elevated systolic pressure 
of hyperthyroidism in man is relieved by 
thyroidectomy, thyroidectomy has no effect 
on essential human or experimental renal 
hypertension. It is doubtful that any of the 
known endocrine organs play a primary 
part either in essential hypertension associ- 
ated with vascular disease in man or in 
experimental hypertension in animals. There 
is no definite evidence for the view that the 
hypophysis plays a primary or secondary 
part in the pathogenesis of renal hyper- 
tension, but there are definite indications 
that the adrenal cortical hormones do play 
a secondary part in the development and 
maintenance of experimental renal hyper- 
tension and perhaps of human hyperten- 
sion. In experimental renal hypertension, 
the adrenal cortex plays its part presumably 
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by influencing the production of hyper- 
tensinogen. This action is evidently exerted 
by an effect on the liver which is probably 
the source of this protein. 

The many similarities between human 
essential hypertension associated with renal 
vascular disease and experimental renal 
hypertension suggest but do not prove that 
the former may also be of renal origin. Even 
if the renal origin of this form of hyperten- 
sion should become established, it would still 
remain necessary to determine the cause of 
the arterial and arteriolar sclerosis which, 
when it affects the kidneys to a sufficient 
degree, initiates the humoral mechanism of 
the hypertension. The failure of animals to 
develop widespread arterial and arteriolar 
sclerosis, even after years of hypertension 
without accompanying impairment of renal 
excretory function (the benign phase), does 
not lend support to the view that hyper- 
tension is a sufficient condition for the 
production of vascular sclerosis. It must be 
admitted, however, that this may mean 
only that the blood vessels of animals are 
less sensitive than human vessels to the 
effect of increased intravascular tension 
alone although they appear to be even more 
sensitive to the conditions which determine 
the necrotizing vascular changes of the 
malignant phase of hypertension. Because 
the probable primary significance of renal 
arterial and arteriolar sclerosis has been 
indicated by experimental studies, the cause 
of vascular disease has now become the most 
important problem in the future investiga- 
tion of the pathogenesis of hypertension. 
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Participation of Hepatorenal Vasotropic 


Factors in Experimental Renal 


Hypertension’ 


EPHRAIM SHORR, M.D. 
New York, New York 


HE purpose of this paper is to sup- 

plement Dr. Goldblatt’s review of 

experimental hypertension in this 
seminar with a consideration of the evidence 
obtained in this laboratory for the partici- 
pation of recently described vasotropic 
principles of renal and hepatic origins in 
experimental renal hypertension.’ 

Our studies grew out of the important 
contribution of Chambers, Zweifach and 
their associates* to the significance of the 
vascular reactions of anesthetized animals 
subjected to prolonged hemorrhagic hypo- 
tension or traumatic procedures. By direct 
visualization of the peripheral blood vessels 
in the mesentery and omentum of animals 
in whom hemorrhagic and traumatic shock 
was induced these investigators were able 
to recognize two consecutive stages in the 
shock syndrome which are characterized 
by opposite types of vascular behavior. ‘The 
initial compensatory phase was apparently 
related to a reduction in blood volume, the 
subsequent decompensatory phase to the 
period of inadequate peripheral blood flow. 
The reaction of the peripheral vascular 
apparatus to blood loss per se was found to 
be essentially compensatory in nature—an 
attempt to reduce the capacity of the vascu- 
lar tree without drastically curtailing the 
blood supply to vital tissues. This com- 
pensatory response is characterized by a 
hyper-reactive condition of the peripheral 


blood vessels as evidenced by an increasingly 
enhanced reactivity of the terminal muscu- 
lar vessels (the metarterioles and precapil- 
laries) to epinephrine and an increase in 
their spontaneous vasomotor movements. 
This type of heightened reactivity persists 
even when the blood loss is sufficiently acute 
to precipitate collapse of the animal. Re- 
sultant capillary ischemia and restriction 
of peripheral blood flow to the most direct 
thoroughfare channels, the metarterioles, 
serve to maintain an active venous return 
of blood from the tissues until shortly before 
death. With prolongation of the profound 
hypotensive state, hyperreactivity was grad- 
ually superseded by a state of hyporeac- 
tivity, characterized by a progressive de- 
crease in epinephrine reactivity and by 
slowing and finally complete cessation of 
spontaneous vasomotor caliber changes in 
the terminal arterioles and precapillaries. 
Loss of these restraining compensatory in- 
fluences on peripheral circulation results in 
diversion of increasing amounts of blood 
into the capillary side channels from which 
it is inefficiently returned to the active 
circulation. This, in turn, leads to eventual 
failure of the venous return to the heart and 
to peripheral circulatory collapse. Once 
the hyporeactive stage has fully developed, 
transfusions are only of transient benefit, a 
state of irreversibility to replacement therapy 
having been reached. That blood-borne 


* From the Department of Medicine, Cornell University Medical College and The New York Hospital, New 
York, N. Y. The work described in this paper was begun under a contract recommended by the Committee on Medical 
Research between the Office of Scientific Research and Development and Cornell University Medical College, and 
continued under grants from the Josiah Macy, Jr. Foundation, the Eli Lilly Company and the Postley Hypertension 


Fund. 
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factors were responsible in large measure 
for both the compensatory vasoexcitor and 
the decompensatory vasodepressor effects 
was evident from the passive transference 
to anesthetized normal rats of effects cor- 
responding to the reactions of the terminal 
blood vessels in the mesentery of the shocked 
animal at the time the blood sample was 
obtained. 

Vascular and humoral changes in the 
course of the development of experimental 
shock are summarized in Figure 1. 

The significance of these observations 
lies in the demonstration of a constant par- 
ticipation in the shock syndrome of blood- 
borne vasotropic principles with specific 
actions on the terminal vascular bed, of 
such a character as to suggest that they are 
causally related to the initial compensatory 
vascular reactions to blood loss in the case 
of the vasoexcitor (VEM) and, in the case 
of the vasodepressor (VDM), to the pro- 
gressive vascular deterioration which eventu- 
ally results from prolongation of extreme 
hypotension. 

This important contribution to the con- 
cept of shock provided the stimulus for 
laboratory studies which were designed to 
explore this concept further and, specifically, 
to investigate the sites of origin of these 
vasoexcitor and vasodepressor principles 
as well as the mechanisms leading to their 
formation and destruction.®*’ These studies 
have involved a combination of in vivo and 
in vitro procedures whose correlation was 
made possible by utilization of the rat 
meso-appendix technic of Zweifach and 
Chambers? for the detection of vaso-excitor 
or vasodepressor activity in blood or tissue 
extracts. By means of this procedure in 
which the mesentery, specifically the meso- 
appendix, of the anesthetized rat is ex- 
teriorized for visualization it is possible to 
quantitate the extent of vasoexcitor and 
vasodepressor activity. This is done by 
determining the degree to which the re- 
sponse of the terminal vascular bed to the 
topical application of epinephrine is en- 
hanced, as in the case of VEM, or depressed, 
as in the case of VDM; and further by 
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noting the duration of these alterations in 
epinephrine reactivity. 

Sttes of Origin of VEM and VDM. The 
initial group of experiments was designed 
to trace the tissue origins of these vasotropic 
principles and to determine whether they 
represented products common to all tissues 
exposed to the relative anoxia prevailing in 
shock or whether their formation was 
limited to specific tissues. Experimental 
hemorrhagic and traumatic shock was 
induced in dogs, rabbits and rats. At ap- 
propriate times during the compensatory 
and decompensatory phases of the shock 
syndrome a variety of tissues was removed 
and prepared for study as for microrespira- 
tion experiments. ‘These tissues included the 
liver, cardiac, skeletal and smooth muscle, 
kidney and spleen. Saline extracts were 
prepared and assayed by the rat meso- 
appendix method. 

Bio-assays of tissues removed during the 
compensatory, hyper-reactive stage of shock, 
at a time when significant amounts of VEM 
had appeared in the blood stream, showed 
that the genesis of VEM could be related 
only to the kidney cortex, the saline extract 
of which invariably contained considerable 
amounts of this factor. The saline renal 
extracts produced vascular effects in the 
test rat identical with those induced by the 
blood-borne VEM. Corroboratory evidence 
for the renal origin of VEM was provided 
by the absence of VEM in the blood stream 
in experimental hemorrhagic and traumatic 
shock induced after exclusion of the kidneys 
from the circulation. 

Similar extracts of tissues of animals 
allowed to pass into the decompensatory, 
hyporeactive stage of shock, as determined 
by the presence of VDM in the blood, 
showed that the tissue origins of VDM were 
restricted to the liver, spleen and skeletal 
muscle. The liver was quantitatively the 
most significant source of this principle. 
The amount in skeletal muscle was smaller, 
particularly in hemorrhagic shock, its con- 
centrations being proportional to the dura- 
tion of. the limb ischemia. In traumatic 
shock which followed the application of 
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Fic. 1. Diagrammatic representation of the circulation in the terminal vascular bed of the omentum and mesentery 
in the normal state, and during the hyperreactive (VEM predominates) and hyporeactive (VDM predominates) 
stages of experimental shock. (Reprinted from SHorRR, ZweiracH, FurcHGotr and A. Am. Phys., 
vol. 60, 1947.) (After Zweifach and Chambers.) 
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Fic. 2. Metabolic and humoral alterations in hepatorenal vasotropic factors in renal hypertension. 
(Reprinted from SHorr, Zweiracu, Furcucortt and Baez. Tr. A. Am. Phys., vol. 60, 1947.) 
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tourniquets for six to ten hours, high con- 
centrations of VDM were present in the 
saline washes of the muscles from the oc- 
cluded limbs. It should be stressed that the 
formation of VDM by the liver was not 
related to hypotension per se but was uni- 
formly confined to the decompensatory 
phase of the syndrome. 

Mode of Origin of VEM and VDM. Hav- 
ing determined the tissues of origin, the 
next problem was to establish the mode of 
production of these vasotropic substances. 
In view of the difficulties presented in inter- 
preting results in the living animal, zn vitro 
procedures were employed by which specific 
environmental factors could be varied. 
Since tissue hypoxia prevails during shock, 
the influence of this environmental condi- 
tion was first investigated. ‘The same variety 
of tissues as well as brain cortex was ob- 
tained from normal animals and prepared 
as for microrespiration experiments. The 
tissues were then exposed to anaerobiosis 
in vitro for periods of two hours or longer in a 
Ringer phosphate or Krebs’ bicarbonate 
medium. Control experiments were carried 
out under aerobic conditions. None of these 
tissues produced either VDM or VEM 
under aerobic conditions; under anaerobic 
conditions VDM was formed by the same 
tissues from which it was found to originate 
in the living animal, namely, liver, skeletal 
muscle and spleen. Only one tissue, 
renal cortex, was found to produce VEM 
anaerobically. 

Inactivation of VEM and VDM. ‘The 
third aspect of these studies was related to 
the persistence of VDM in the blood stream 
during irreversible shock despite trans- 
fusions, as contrasted with its rapid disap- 
pearance after injection into the normal test 
rat. It seemed probable that mechanisms 
existed in the healthy animal for the removal 
of this factor whereas the animal in irre- 
versible shock had lost this property. This 
question was likewise studied by in witro 
procedures. These consisted in the exposure 
of a variety of tissues from normal animals 
to VDM under aerobic conditions for a 
period of two hours. It was found that only 
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the liver possessed a mechanism for in- 
activating VDM oxidatively. This finding 
led to an investigation of the possibility 
that mechanisms might also exist for the 
aerobic inactivation of VEM. Such a 
mechanism was found: to exist in the renal 
cortex and to a smaller extent in the liver. 
‘ It was also observed that the VDM in- 
activating mechanism in the liver was 
progressively damaged by prior exposure 
of the liver to anaerobic conditions. Upon 
restoration of oxidative conditions after two 
hours of anaerobic incubation a marked 
deterioration of the VDM_ inactivating 
capacity of the liver was regularly observed. 
A similar depression of the capacity to in- 
activate VDM was characteristic of the 
liver during the decompensatory, irreversi- 
ble stage of shock, an observation which 
appears to provide an explanation for the 
persistence of VDM in the blood in irre- 
versible shock despite the temporary restora- 
tion of oxidative conditions by transfusions. 
This is believed to comprise a crucial defect 
since the body can no longer liberate the 
vascular bed from the decompensatory 
action of VDM. During the compensatory 
phase, when the animal remains recoverable 
by transfusion, the VDM inactivation capac- 
ity of the liver was found to be unimpaired. 
These observations have provided a basis 
for a concept of shock which can be briefly 
summarized as follows: The initial reaction 
to blood loss involves a reduction in renal 
blood flow sufficient to initiate anaerobic 
processes in the kidney which lead to the 
formation of VEM. This principle pre- 
dominates in the blood stream and leads to 
the development of a type of vascular hyper- 
reactivity favorable to the maintenance of 
an adequate circulation in the face of 
reduced blood volume. During this phase of 
shock, in which the renal vasoexcitor 
dominates vascular behavior, the animal is 
recoverable by transfusion. If, however, the 
shock is prolonged and hypotension pro- 
found, the renal blood flow is virtually 
abolished and there is no further release of 
VEM into the blood stream. The reduction 
in blood flow to the liver is now sufficient 
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to initiate anaerobic processes in that organ. 
These lead to the rormation of VDM and 
its release into the blood stream in amounts 
eventually sufficient to dominate the be- 
havior of the terminal vascular bed. The 
vascular effects of WDM are decompensa- 
tory in character and make for progressive 
reduction in the effective blood volume with 
terminal peripheral failure. Once this stage 
is well established, transfusions are of 
temporary benefit since VDM will continue 
to dominate vascular behavior because of 
the damage sustained by the liver VDM 
inactivating system as a result of the previ- 
ous hepatic anoxia. Considerations of space 
have permitted only a very brief and incom- 
plete description of our experiments dealing 
with the participation of VEM and VDM 
in experimental and traumatic shock. For a 
more detailed account the reader is referred 
to other publications from this laboratory. 

Before considering the participation of 
these vasotropic principles in experimental 
renal hypertension we may recapitulate the 
characteristics of these two oppositely acting 
principles and the systems which govern 
their formation. The formation of both 
VEM and VDM 7n vitro is limited in a nor- 
mal kidney and liver to states of reduced 
oxygen tension. Under aerobic conditions 
VDM is inactivated by the normal liver, 
VEM by the normal kidney. These phe- 
nomena represent a type of Pasteur reaction 
analogous to the limitation of lactic acid for- 
mation by the normal tissue to anaerobiosis 
and to its disappearance by oxidation or 
storage under aerobic conditions. The VEM- 
forming and inactivating mechanisms are 
restricted to the renal cortex. It has not yet 
been possible to determine which type of 
liver cell is involved in VDM formation and 
inactivation. VDM and VEM exert dia- 
metrically opposite effects on the terminal 
vascular bed. VEM enhances the reactivity 
to epinephrine and increases vasomotion of 
the metarterioles and precapillaries; by 
augmenting the constrictor phase of the 
vasomotion of the precapillaries it serves to 
restrict the blood flow through the true 
capillary bed. VDM, on the other hand, 
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reduces the epinephrine reactivity of the 
metarterioles and precapillaries, depresses 
vasomotion and by prolonging the dilator 
phase of the precapillary sphincters, favors 
the filling of the capillary bed. These 
opposite vascular effects have led us to 
postulate that these vasotropic principles 
may represent components of opposite 
action in a homeostatic system participating 
in the regulation of peripheral blood flow. 
In the blood stream of the normal animal, 
these principles apparently exist in an 
equilibrium at low concentrations, blood 
from such animals giving a neutral reaction 
in the rat meso-appendix test. In the course 
of development and progression of the 
shock syndrome this equilibrium is shifted 
first in one and then in the other direction. 
During the initial compensatory phase there 
is a preponderance of VEM associated with 
vascular hyper-reactivity. During the subse- 
quent decompensatory stage VDM_ pre- 
ponderates with the resultant development 
of hyporeactivity. Preponderance of one or 
the other of these vasotropic principles is an 
expression of the reaction of the organism 
to a type of stress requiring profound vascu- 
lar readjustments, namely, a reduction in 
effective blood volume, and is a reflection of 
the effects of reduced oxygen tensions on 
specific metabolic processes in the kidney 
and liver. Our findings as to the participa- 
tion of VEM and VDM in the syndrome of 
experimental renal hypertension can now 
be projected against this background. 
Vasotropic Content of Blood during Acute and 
Chronic Renal Hypertension.” Dogs were made 
hypertensive by the application of Goldblatt 
clamps to the renal arteries. Prior to the 
application of the Goldblatt clamp, 0.5 cc. 
of heparinized whole blood gave a neutral 
reaction when injected into the normal rat 
for bio-assay by the meso-appendix technic. 
Within thirty minutes of the partial con- 
striction of the renal artery VEM appeared 
in the renal vein blood and a few hours 
thereafter could be detected in the peri- 
pheral blood. Blood from such dogs con- 
tinued to show pronounced VEM activity 
during the period in which the blood pres- 
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sure was progressively rising. VEM disap- 
peared from the blood when the blood 
pressure had become stabilized in the hyper- 
tensive range in dogs with two renal clamps, 
or with one kidney clamped and the other 
removed, or when the blood pressure had 
fallen to normal levels in dogs with one 
kidney clamped and the other intact. In 
the last group clamping of the second kidney 
resulted in the reappearance of VEM during 
the subsequent rise in blood pressure; on 
stabilization of the blood pressure at new 
hypertensive levels VEM again disappeared 
from the blood stream. 

Evidently the partial constriction of the 
renal artery by the Goldblatt clamp rapidly 
led to the release of VEM by the clamped 
kidney and to its predominance in the blood 
stream throughout the stage of acute hyper- 
tension. Once the blood pressure had 
stabilized at the hypertensive level this 
preponderance disappeared, the blood again 
giving a neutral reaction. On the basis of 
our 7n vitro studies of the mechanism of VEM 
formation it seemed probable that the ap- 
appearance of VEM in the blood stream 
was related to the temporary renal hypoxia 
resulting from the clamping of the renal 
artery. The return of a neutral reaction of 
the blood at chronic hypertensive levels 
might be attributed to restoration of a more 
adequate blood flow at these higher levels 
of blood pressure. Our next group of experi- 
ments were designed to test the validity of 
these hypotheses. 

VEM Mechanisms in the Clamped Kidney of 
the Hypertensive Dog.* It will be recalled 
that in vitro studies showed that VEM pro- 
duction by the healthy kidney took place 
olny under anaerobic conditions, the kidney 
slice forming none in oxygen and actually 
inactivating VEM under aerobic conditions. 
Similar studies were now carried out on 
kidneys removed at intervals after the 
partial constriction of the renal artery by a 
Goldblatt clamp with the induction of 
hypertension. Within five and one-half 
hours and for as long as forty-five weeks 
after the partial occlusion of the renal artery, 
the kidney was found to have undergone 
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transformation into an organ which now 
elaborated VEM continuously even on 
aerobic incubation. This situation is com- 
parable to the derangement of the glycolytic 
mechanism in cancer cells by which lactic 
acid is formed in both oxygen and nitrogen. 
Studies of clamped kidneys removed at all 
stages in the hypertensive syndrome showed 
a persistence of this metabolic defect even 
in those animals with only one kidney 
clamped and whose blood pressure had 
returned to normal. The clamped kidneys 
also exhibited a progressive impairment of 
their capacity to inactivate renal VEM on 
aerobic incubation zn witro. ‘The basis for the 
aerobic production of VEM by clamped 
kidneys of hypertensive dogs would appear 
to reside in the loss of the renal mechanism 
for inactivation of VEM. As a consequence 
the homeostatic mechanism within the cell, 
by means of which VEM formation can be 
regulated, becomes deranged so that VEM 
is formed continuously under conditions 
which would ordinarily check its formation. 
Although the initial damage to the VEM 
inactivating system would appear to have 
its explanation in the reduced oxygen tension 
which follows the application of the clamped 
kidney, there appears to be no present 
explanation for the persistence of this defect 
during the stage of chronic hypertension 
when the blood pressure has risen to a level 
which is sufficient to maintain an adequate 
blood flow through the kidney as judged by 
the maintenance of its excretory function. 
Studies of the oxygen consumption of the 
kidney at intervals as long as forty-five weeks 
after the application of the clamps have 
shown the oxygen consumption to remain 
within the normal range, suggesting that 
the blood supply to the kidney has been 
adequate for its oxidative requirements. 
We have also investigated the time re- 
lationship of the transformation of this 
‘Pasteur reaction’? by which a normally 
anaerobic process occurs under aerobic 
conditions. This was done by observing the 
effects of acute renal ischemia on the zn vivo 
and in vitro formation of VEM.*® Occlusion 
of the renal circulation in rats for ten to 
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twenty minutes was followed by a transient 
hyper-reactivity to epinephrine of the ter- 
minal blood vessels in the meso-appendix. 
With more prolonged renal ischemia (twenty 
to ninety minutes), persistent hyper-reac- 
tivity developed, the vessels becoming 20 
to 200 times more responsive to epinephrine 
for at least sixty minutes, the period of 
observation. With renal ischemia lasting 
150 to 240 minutes, a gradual deterioration 
of the VEM mechanism occurred, little or 
no vascular hyper-reactivity resulting. 

The in vivo changes were shown to be 
related to specific alterations in the mech- 
anisms for VEM formation and inactiva- 
tion by means of zn vitro incubation studies 
of ischemic kidneys. Kidney slices ischemic 
for ten to thirty minutes before incubation 
resembled a normal kidney, forming VEM 
only anaerobically. After forty to ninety 
minutes of ischemia, kidney slices produced 
VEM even under aerobic conditions. With 
more prolonged ischemia (120 minutes or 
longer), there was a progressive impairment 
in the ability of the kidney to form VEM 
both aerobically and anaerobically, as well 
as a deterioraticn of the renal mechanism 
for VEM inactivation. ‘These experiments 
appear to be relevant to the findings with 
the clamped kidneys of hypertensive dogs 
and would suggest that the initial period of 
renal hypoxia following partial occlusion 
of the renal artery may be responsible for 
the alteration in the renal VEM mechanism 
whereby VEM is formed both aerobically 
and anaerobically. They provide no ex- 
planation, however, for the persistence of 
this metabolic defect in the clamped kidney 
during the period in which the blood flow 
has become adequate as a result of the 
hypertension. 

Vasotropic Content of *‘Neutral’’ Blood during 
the stage of Chronic Hypertension.' ‘The possi- 
bility was explored that the actual concen- 
trations of VEM were high in the blood but 
that they were neutralized by equivalent 
amounts of VDM. Such a state might be 
anticipated if the renal and hepatic princi- 
ples were counterparts of a homeostatic 
system. Exploration of this hypothesis was 
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accomplished by utilizing the ability of 
healthy kidney tissue to inactivate VEM in 
vitro under aerobic conditions without a 
comparable inactivation of VDM. The 
inactivation of VEM by aerobic incubation 
of blood with normal kidney slices would 
thereby unmask any VDM which was pres- 
ent and permit its detection. When this 
procedure was carried out with bloods of 
normal animals, no VDM could be detected 
by the rat meso-appendix test. When, 
however, “neutral’? blood from dogs in 
chronic hypertension was similarly treated, 
large amounts of VDM were invariably 
revealed, suggesting that a new equilibrium 
had been established with higher concen- 
trations of both factors. It is of interest that 
the new equilibrium level is generally 
achieved at about the time the blood pres- 
sure is being stabilized at a new hyper- 
tensive level. 

Similar studies were carried out on the 
blood of twelve subjects with essential hyper- 
tension, using normal healthy adults as con- 
trols. The results were identical with the 
findings in normal dogs and those with 
chronic renal hypertension. Prior to aerobic 
incubation with normal kidney slices, bloods 
from normal controls were neutral; those 
from the hypertensive patients were either 
neutral or produced a slight vasoexcitor 
effect in the test rat. Following incubation, 
bloods from the normal subjects remained 
neutral whereas those from the chronic 
hypertensives induced a profound VDM 
effect in the test rat. ‘These findings establish 
another point of similarity between experi- 
mental renal hypertension and _ essential 
hypertension in man. 

Relation of the Adrenals to Formation of 
VEM.° The necessity of intact adrenal 
cortical function for the maintenance of 
experimental hypertension and the hy- 
potension which invariably follows adre- 
nalectomy in normal animals, prompted an 
investigation of the state of the renal VEM 
mechanism following adrenalectomy. At 
various intervals after adrenalectomy in rats, 
rabbits and dogs the capacity of the kidney 
to form VEM under anaerobiosis was 
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studied in vitro. Three procedures were em- 
ployed: (1) adrenalectomy; (2) adrenalec- 
tomy plus a high sodium chloride intake 
and (3) adrenalectomy plus sodium chlor- 
ide and desoxycorticosterone (0.1 mg./Kg. 
daily). The renal capacity to form VEM 
under anaerobic conditions in witro was 
found to become progressively impaired and 
in most instances was completely abolished 
even in animals maintained on high salt 
intakes. However, kidneys removed from 
adrenalectomized animals maintained on 
desoxycorticosterone acetate and salt for 
ten to fifteen days postoperatively, behaved 
like normal kidneys with respect to VEM 
formation. Observations were also made on 
the mesenteric blood vessels of adrenalec- 
tomized rats during the development of the 
syndrome. As adrenal insufficiency devel- 
oped the vessels exhibited a_ progressive 
unresponsiveness to epinephrine as well as 
a progressive inability to respond to the 
intravenous administration of VEM. These 
experiments appear to establish the necessity 
of an intact adrenal cortical mechanism for 
the proper functioning of the renal VEM 
mechanism. 


SUMMARY 


We are now in a position to attempt a syn- 
thesis of the evidence for the participation of 
hepatorenal vasotropic factors in experi- 
mental renal hypertension. Shortly after the 
partial constriction of the renal artery by a 
Goldblatt clamp, significant amounts of 
VEM appear first in the renal vein blood 
and then in the peripheral circulation. ‘The 
mechanism responsible for this shift in 
humoral equilibrium appears to be a specific 
alteration in renal metabolism as a result of 
which VEM is formed aerobically as well as 
anaerobically. ‘This situation is indicative of 
a breakdown of the normal intracellular 
homeostatic mechanism by which in vittro 
VEM formation can be regulated by varia- 
tions in oxygen tension. Acute 7n vivo and in 
vitro experiments suggest that this derange- 
ment is brought about by the period of 
hypoxia attendant upon the initial reduction 
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of renal blood flow which follows application 
of the clamp. 

This defect in the renal VEM mechanism 
of the clamped kidney persists throughout 
the syndrome. Nevertheless, a preponder- 
ance of humoral VEM prevails only dur- 
ing the period of rising blood pressure. 
When the blood pressure has been stabilized 
at hypertensive levels, presumably with the 
restoration of an adequate renal blood flow, 
the blood again becomes “‘neutral.”? This 
neutrality is due to the appearance in the 
blood stream of increasing amounts of VDM 
which eventually reach a concentration 
adequate to neutralize the heightened con- 
centration of VEM. The neutral state 
therefore represents the establishment of a 
new equilibrium between VEM and VDM 
at greatly augmented concentrations of both 
factors. A similar situation exists in the blood 
of patients with essential hypertension. ‘The 
reasons for the persistence of the hyperten- 
sive state when the blood has again become 
neutral remains a matter for further study. 
The persistence of this defect in the renal 
VEM mechanism in dogs with one kid- 
ney clamped and the other intact and in 
whom the blood pressure has returned to 
normal, suggests that the unclamped hyper- 
trophied kidney is inactivating the excess 
VEM which is continuously elaborated by 
the clamped kidney. A relation of the above 
phenomena to the adrenal cortex was 
brought out by experiments which showed 
that kidneys from adrenalectomized animals 
could no longer form VEM in witro. Desoxy- 
corticosterone, but not NaCl, restores this 
mechanism to the kidney of the adrenalec- 
tomized animal. 


COMMENTS 


At the present stage of this study we would 
prefer to limit a consideration of these ob- 
servations to the descriptive level and to 
place emphasis on the regularity with which 
these vasotropic principles appear in the 
blood and the uniformity with which specific 
derangements develop in the renal VEM 
mechanisms during experimental renal hy- 
pertension. ‘That a causal relationship exists 
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between these derangements and the de- 
velopment of renal hypertension cannot be 
definitely established on the basis of present 
data. 

It should be pointed out that during the 
acute stage of renal hypertension the blood 
contains not only an excess of VEM but 
increased amounts of renin and hypertensin 
(angiotonin) as well. The question therefore 
arises whether or not VEM constitutes a dis- 
tinct entity apart from renin and hyperten- 
sin. Some information has been obtained 
that this is the case.'® Its differentiation 
from renin, per se, is evident from its heat 
stability and the fact that it is dialyzable. In- 
volvement of renin in VEM elaboration by 
the kidney cell remains uncertain. Thus, the 
unclamped hypertrophied kidney of the dog 
in which transient hypertension has been 
induced by clamping one renal artery, has 
been found to be devoid of renin.'! Never- 
theless, we have found that such kidneys 
form VEM under anaerobic conditions in 
vitro. The kidney of the adrenalectomized 
dog was noted by Goldblatt to have a nor- 
mal renin content.'’* Such kidneys do not 
form VEM anaerobically even when incu- 
bated with normal plasma containing an 
abundance of renin substrate.’ It is con- 
ceivable, however, that the failure of VEM 
formation under these circumstances might 
be due to the absence of an appropriate 
intracellular substrate. 

The differentiation of VEM from hyper- 
tensin is more difficult. Not only are both 
heat stable and dialyzable, but the kidney 
extracts containing renin, by means of 
which hypertensin is prepared in vitro, are 
almost invariably contaminated with VEM 
which is not destroyed during the prepara- 
tion of hypertensin. We have, however, ob- 
served no correlation between the pressor 
activity, which is the essential action of hy- 
pertensin, and the VEM activity of such 
hypertensin preparations. This would sug- 
gest that whatever VEM activity is exhibited 
by these preparations is due to the initial 
contamination of the renin extracts with 
VEM. Experiments on isolated smooth 
muscle preparations have established the 
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musculotropic effect of hypertensin. Con- 
centrated VEM preparations much stronger 
than those required to elicit epinephrine 
reactivity in the test rat are devoid of mus- 
culotropic effects.'° It has also been possible 
to dissociate VEM from hypertensin or 
hypertensin-like substances by occlusion of 
the renal circulation for long periods, e.g., 
four hours or longer, and its subsequent 
release.'* Although kidneys damaged by this 
procedure have lost the capacity to form 
VEM, they discharge material into the cir- 
culation with a distinct pressor effect 
attributed to hypertensin by Taquini."’ 
There are other differentiating features: In 
contradistinction to hypertensin, which is 
formed by the interaction of renin on an 
a2 globulin in the blood, VEM is the product 
of intracellular metabolism. It is formed by 
renal cortical tissue, washed free of all blood 
and incubated in Ringer phosphate or 
Krebs’ bicarbonate medium. Of particular 
significance is the circumstance that VEM 
appears to influence chiefly that part of the 
vascular bed distal to those arterioles on 
which hypertensin exerts its constrictor ef- 
fect. Finally, the persistence of VEM in the 
blood stream during the chronic phase of 
hypertension contrasts with the disappear- 
ance of detectable amounts of renin and hy- 
pertensin in that stage of renal hypertension. 

Several points concerning the action of 
VEM should be emphasized: First, the fact 
that this vasoexcitor principle is assayed by 
its potentiating effect on the constrictor 
response to epinephrine does not imply that 
the réle of VEM in the organism consists in 
the potentiation of epinephrine. It is more 
likely that the vascular response to topically 
applied epinephrine represents a reaction 
more closely allied to the local reaction of 
the neuromuscular effector unit to a natur- 
ally occurring substance such as sympathin. 
Nor does the potentiation of the local re- 
sponce to topical epinephrine necessarily 
imply a corresponding change in the pressor 
response of the vascular system to intraven- 
ously administered epinephrine. 

Second, the terminal vascular unit under 
consideration constitutes a unique segment 
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of the vascular tree which is under the dual 


influence of both systemic and local tissue 


factors; the metarterioles and precapillaries 
are the components most highly responsive 
to humoral substances. The primary func- 
tions of these vessels are concerned with the 
peripheral distribution of the blood and, 
through the process of vasomotion, with the 
adjustment of the pressure and volume of 
flow in the capillary bed relative to that in 
the feeding arterioles. Thus, the vasoexcitor 
principle, VEM, acts for the most part on a 
component of the vascular tree which is not 
directly concerned with the regulation of 
peripheral resistance and blood pressure. In 
this respect, VEM differs from the pressor 
agents, such as hypertensin, which act on the 
larger arterioles and which effect acute 
changes in blood pressure by their con- 
strictor effects on these vessels. ‘The potential 
effect of VEM on peripheral resistance and 
blood pressure would therefore have to be of 
an indirect and chronic character. What is 
suggested as a possible mechanism is the 
initial development, under the influence of 
VEM, of a sustained state of hyper-reac- 
tivity in the terminal metarterioles and 
precapillaries, a condition which we have 
observed to occur in the rat during the stage 
of acute hypertension.'® The persistence of 
such a state of hyper-reactivity would, in 
time, of necessity lead to the development 
of a tonically constricted state in the larger 
arterioles. This could come about either via 
a humoral mechanism or through a local 
axon type of reflex such as is normally re- 
sponsible for arteriolar changes in response 
to changes in the capillary bed. Our studies 
are now being directed toward the explora- 
tion of these concepts. 
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Uses of Streptomycin 


ome are stenographic reports of conferences by the members of the Departments of 
Pharmacology and of Medicine of Cornell University Medical College and New York 
Hospital, with collaboration of other departments and institutions. The questions and 
discussions involve participation by members of the staff of the college and hospital, 
students and visitors. A selected group of these conferences is published in an annual 
volume, Cornell Conferences on Therapy, by the Macmillan Company. 


Dr. Harry Gop: The use of strepto- 
mycin is the topic of the conference today 
and the opening remarks will be made by 
Dr. Walsh McDermott. 

Dr. WatsH McDermott: It was about 
three years ago that Dr. Waksman and his 
associates reported the discovery of the 
antibacterial agent, streptomycin. They not 
only discovered that the drug was effective 
in vitro against a number of gram-negative 
bacilli and the tubercle bacilli but also 
demonstrated that the drug was effective 
in certain experimental infections in ani- 
mals. Within a year, Drs. Hinshaw and 
Feldman at the Mayo Clinic reported that 
streptomycin exerted a suppressive effect 
on the course of tuberculosis in guinea pigs 
and, soon thereafter, started their now well 
known studies of the effects of streptomycin 
in tuberculosis in humans. 

The evaluation of the clinical effectiveness 
of streptomycin in infections other than 
tuberculosis has proceeded rapidly. In two 
successive issues of the Journal of the 
American Medical Association (132: 4, 
September 7th and 132: 70, September 14, 
1946), the Committee on Chemotherapeu- 
tics headed by Dr. Keefer reported the 
results with streptomycin in 1,000 patients 
with various types of non-tuberculous in- 
fections. This report also contains informa- 
tion on the pharmacology and other funda- 
mental aspects of the drug. Since this report 
is readily available, I shall endeavor to 
avoid duplicating its material. 

Later we shall consider the use of strepto- 
mycin in tuberculosis separately. In other 
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clinical conditions, results with streptomycin 
have been most satisfactory in four types of 
infections: First, urinary tract infections 
caused by Escherichia coli or the other gram- 
negative bacteria which frequently produce 
infections of the urinary tract such as Bacillus 
lactis aerogenes, Bacillus proteus, Fried- 
lander’s bacillus and, in some instances, 
Bacillus pyocyaneus; second, meningitis 
caused by Hemophilus influenzae; third, 
tularemia and fourth, a miscellaneous group 
of infections, pneumonias, abscesses, peri- 
tonitis and the like caused by the same group 
of gram-negative bacteria which frequently 
produce urinary tract infections. 

Equivocal results have been observed in 
acute brucellosis and in acute systemic 
infections due to food poisoning caused by 
the Salmonella group. The results in typhoid 
fever have been disappointing and it is im- 
possible, at this time, to state with any 
degree of certainty whether streptomycin 
exerts any effect on the course of the typhoid 
infection in humans. 

In the four types of infection in which 
streptomycin is of unquestioned effective- 
ness, the results have generally been as 
prompt and, in many instances, as dramatic 
as we have been accustomed to see following 
the use of penicillin in pneumococcus pneu- 
monia. One of the greatest sources of diffi- 
culty in the use of streptomycin is the 
development by bacteria of resistance to 
streptomycin. This happens with more 
regularity and greater speed than in the 
case of other antibacterial agents. As a 
result, the total period during which the 
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drug may be used effectively is limited. In 
the treatment of infections in the urinary 
tract, in which there is no appreciable 
degree of anatomic damage or obstruction 
which cannot be removed, the control of 
the infection by streptomycin may be ob- 
tained fairly quickly before the development 
of bacterial resistance. However, if perma- 
nent anatomic damage is present so that it 
is impossible to eradicate the infection 
completely, the administration of strepto- 
mycin may be followed by a remission and 
then by a relapse due to streptomycin- 
resistant organisms. The same_ general 
principle holds for all types of streptomycin- 
sensitive infections, including tuberculosis. 
Dr. Finland has made the interesting ob- 
servation that, in urinary tract infection, 
the development of resistance to strepto- 
mycin by the gram-negative bacilli is 
appreciably reduced, if not eliminated, by 
maintaining the urine in a neutral or 
alkaline state. 

Streptomycin should be used in the treat- 
ment of Hemophilus influenzae meningitis 
although an alternate type of effective 
therapy is available. In the treatment of 
Hemophilus influenzae meningitis, it must 
again be borne in mind that resistance may 
develop rapidly and one should be quick to 
utilize the alternate method of treatment in 
patients in whom streptomycin does not 
seem to be effective. In Friedlander’s 
pneumonia, there is a rapidly necrotizing 
infection caused by an organism which is 
susceptible to both streptomycin and the 
sulfonamides. There is theoretical evidence 
to support the notion that the simultaneous 
administration of two active drugs might 
greatly diminish the chance of the develop- 
ment of resistance to either drug. Thus, it 
would seem to be wise at this time to use 
sulfadiazine as well as streptomycin in all 
of these cases. 

It may prove worth while to give strepto- 
mycin a trial in instances of Salmonella 
infection in which bacteremia is present 
but whether an effect is to be anticipated 
cannot be said at this time. 

We may summarize the situation with 
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regard to the non-tuberculous infections as 
follows: Streptomycin is a potent agent for 
the treatment of Escherichia coli infections 
and it is the only available antimicrobial 
agent for the treatment of infections due to 
several other gram-negative bacteria. It 
should therefore be used in serious urinary 
tract infections due to Escherichia coli, in 
other types of urinary tract infections caused 
by Bacillus lactis aerogenes, Bacillus proteus, 
Friedlander’s bacillus and Bacillus pyo- 
cyaneus. It should also be used in the treat- 
ment of peritonitis from appendiceal or 
diverticular ruptures because this type of 
peritonitis is frequently caused by strepto- 
mycin-sensitive organisms. It is effective, 
and should be used, in the treatment of 
Hemophilus influenzae infections. It is as 
yet of undetermined and probably question- 
able value in infections due to Salmonella 


and the Bacillus typhosus. 


More than a year ago, Dr. Muschenheim, 
myself and our associates began our studies 
on the effects of streptomycin in human 
tuberculosis. ‘This was prompted by the 
reports of Dr. Hinshaw and Dr. Feldman 
who noted that the administration of 
streptomycin produced a marked effect on 
the course of various types of tuberculous 
infections in man. Drs. Hinshaw and Feld- 
man were very restrained in the conclusions 
which they drew from their observations 
but it was obvious from the data presented 
by them that their results with tuberculosis 
were unprecedented. Our own results have 
constituted a complete confirmation of 
their reports. 

Up until now we have treated about 
forty-five patients with various types of 
tuberculosis. In general, three types of 
notable phenomena were observed in this 
group of patients: First, in the patients who 
were acutely ill, there was an abrupt or at 
least a rapid defervescence with accom- 
panying symptomatic improvement. In 
some patients, the defervescence was as 
dramatic as the crisis of pneumococcus 
pneumonia. Second, in many of the patients 
there was a marked regression of the lesion. 
At times this regression continued to the 
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point of complete disappearance of the 
lesions demonstrable by x-ray. That speci- 
fically has occurred in patients with acute 
miliary tuberculosis. ‘The third phenomenon 
was the development of bacterial resistance. 

While the most dramatic results were 
observed in patients with acute hemato- 
genous tuberculosis, it is not to be anticipated 
that generally favorable results will fre- 
quently be obtained in this condition. 
There are three reasons for this: The first 
is the high incidence of meningitis as a 
complication of acute miliary tuberculosis. 
Meningitis may be present either at the 
start of therapy or make its appearance 
during the second or third month. Secondly, 
relapsing miliary tuberculosis is to be 
anticipated and the third reason is one 
already indicated for other infections, 
namely, the development of resistance to 
streptomycin. 

In meningitis without miliary tuberculo- 
sis, the situation is about the same as in the 
case of miliary tuberculosis. I would hazard 
the guess, on the basis of Dr. Hinshaw’s 
experience, Our Own experience, the ex- 
perience in the Veterans’ Administration 
program and from the results in a few 
scattered patients treated here and there, 
that between one-fifth to one-tenth of 
patients with tuberculous meningitis will 
attain an eventually satisfactory result 
following the use of streptomycin. 

Long-standing pulmonary tuberculosis, 
with cavitation and much fibrosis, has not, 
thus far, been appreciably benefitted by the 
administration of streptomycin. The sur- 
rounding infiltration may regress. The 
patient may feel better during this phase of 
the therapy. However, in every patient thus 
far, streptomycin-resistant strains of organ- 
isms have developed. 

The form of tuberculosis in which the 
most satisfactory results have been observed 
has been the exudative disease of short 
duration with moderately advanced or even 
far advanced lesions. Here presumably 
there are no anatomic barriers to rapid 
arrest of the lesion. In this stage of the 
disease, effective antimicrobial therapy for 
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six or eight weeks may well spell the dif- 
ference between success or failure. From 
the studies we have made on the resistance 
of the tubercle bacilli to streptomycin it 
seems that in the majority of patients 
resistance appears between the fourth and 
eighth week of therapy. Therefore, effective 
therapy with streptomycin is limited to a 
great extent to those types of tuberculosis 
in which it is possible to obtain a significant 
reversal of the course of the disease within a 
period of four to eight weeks. Exudative 
disease, with or without thin-walled cavities, 
is the type of pulmonary tuberculosis in 
which it is conceivable that this could 
happen and from our experience thus far 
it seems that it does happen. 

Just one more point on tuberculosis. I 
think we have clear cut preliminary evidence 
that the development of streptomycin- 
resistance by the tubercle bacillus, demon- 
strable im vitro, is paralleled by clinical 
evidence of this resistance in vivo. Of the first 
eleven patients who developed bacterial 
resistance demonstrated in vitro, eight de- 
veloped clinical relapses during therapy 
and in five of the eight, the relapses pro- 
gressed to a fatal termination despite the 
fact that streptomycin therapy was con- 
tinued. In each instance, the relapses 
occurred after a period of dramatic im- 
provement. Therefore, I believe there can 
be no question but that the development of 
streptomycin resistance, demonstrable by 
in vitro tests, means that the usefulness of the 
drug in that particular infection has come 
to an end. I should like to point out that the 
development of drug resistance by organisms 
in the central nervous system may, however, 
proceed at an entirely different rate from 
that in those patients with infections of the 
lung. 

Unlike penicillin, streptomycin has im- 
portant toxic properties. Four types of toxic 
reaction have been observed: The first is 
the so-called histamine reaction, which does 
not occur with the presently available 
material and, therefore, no longer gives 
any concern. 
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The second type consists of various 
manifestations of delayed anaphylaxis or 
sensitivity reactions. These reactions are 
identical with drug fevers and rashes which 
are observed after the use of any number of 
drugs. When one encounters such a reac- 
tion, it is advisable to re-evaluate the need 
for therapy. Fortunately, in many cases of 
non-tuberculous infections, by the time the 
reaction appears the need for drug therapy 
is over and one can discontinue the use of 
streptomycin without endangering the pa- 
tient. In tuberculosis, on the other hand, that 
is not the case and in such instances one 
must decide whether the tuberculosis or the 
sensitivity reaction carries the greater threat 
to the patient. Eosinophilia is another type 
of sensitivity reaction due to streptomycin. 
The eosinophilia is usually marked and 
may represent as much as 35 to 40 per cent 
of the white cell count. In one instance in 
our series, it was accompanied by teno- 
synovitis. No evidence of peripheral vascular 
disease has been noted thus far although 
eosinophilia of that degree has caused us 
some apprehension. 

The third type of reaction, that of renal 
irritation, is evidenced largely by granular 
casts. This may be prevented by maintain- 
ing urine on an alkaline basis. It is difficult 
to establish whether normal kidneys are 
permanently damaged by this process. I 
think the evidence is highly suggestive, how- 
ever, that kidneys previously damaged by 
other disease can be further damaged by 
streptomycin. Beyond doubt, renal insuff- 
ciency appears and progresses under the 
administration of streptomycin. This has 
now been noted by many observers. It is 
well, therefore, to be extremely cautious in 
the administration of streptomycin to any 
patient with :nown renal disease. 

The fourth type of reaction constitutes 
the only serious drawback to the use of the 
drug from the standpoint of toxicity. It is a 
central nervous system reaction charac- 
terized by vestibular dysfunction and oc- 
casionally accompanied by deafness. Evi- 
dence of this type of reaction appears in all 
patients who receive 2 or more Gm. of 
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streptomycin daily for longer than three or 
four weeks. The reaction usually starts as a 
mild headache which gathers intensity 
within twenty-four hours and then disap- 
pears. The vestibular disorder then appears. 
It is not a true vertigo as a rotary component 
is lacking. There is however a very definite 
sensation of overshooting the mark; for 
example, in initiating a movement in any 
direction, the patients have the sensation 
that the movement is continuing after it has 
actually stopped. As a result, they may 
believe they are falling to one side or the 
other, or forward and may be acutely un- 
comfortable. There is considerable varia- 
tion in the intensity of this reaction. In some 
patients, perhaps one-third, it is negligible 
and the symptoms can be elicited only on 
careful questioning. In another third, the 
symptoms are moderately acute for a period 
of a week or ten days and then subside 
almost, but not quite, completely. In the 
remaining third, or in perhaps a somewhat 
smaller number, the symptoms are much 
more severe and last longer. These patients 
are unable to sit erect in bed or move about 
with their eyes open but after these symp- 
toms subside minimal vestibular dysfunc- 
tion may persist for as long as sixty days 
and in some, they appear to persist in- 
definitely. Recovery from this vestibular 
dysfunction seems to occur by virtue of com- 
pensatory mechanisms and not by restora- 
tion of labyrinthine function. In some 
patients, this type of compensation may never 
occur or may occur only after many months 
of dysfunction. Dr. Hinshaw has observed, 
and it was also noted here and by others, 
that elderly patients do not effect compensa- 
tion after the development of the reaction 
as readily as younger patients. This is a 
point of great importance to the urologist 
who is faced with the problem of urinary 
tract infections in men in their seventies. 
Deafness, fortunately, is a rare symptom. 
In the Mayo Clinic and in the New York 
Hospital-Cornell series, it has been seen only 
under three conditions; in those patients 
who received very large doses of streptomy- 
cin, 5 to 10 Gm. daily, in those who 
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received the drug intrathecally and in 
patients with renal insufficiency. I should 
state that 3 Gm. a day, or at most 4 Gm., is 
the upper limit of safe dosage. Even this 
may prove toxic in patients with renal 
damage because of accumulation of the 
drug. The patients with deafness after intra- 
thecal administration had meningitis and 
it is difficult to be certain whether the deaf- 
ness was due to the disease or to the drug 
but, at least in some instances, it was proba- 
bly due to the drug. It is safe to say that in 
patients with normal renal function in whom 
the drug is given intrathecally, deafness will 
rarely occur with a daily dose of 3 Gm. 
Dr. Gop: The subject is now open for 
discussion. Are there any questions? 
INTERN: In a recent issue of the Journal 
of Venereal Disease Information, there was 
a report of the use of streptomycin in specific 
and non-specific urethritis. I believe Dr. 
Koteen has used streptomycin in gonorrhea 
caused by organisms resistant to a sulfona- 
mide and penicillin. I wonder if we could 
hear from him and Dr. McDermott on its 
use in such cases. 
Dr. Gotp: How about it, Dr. Koteen? 
Dr. HERBERT KOTEEN: Dr. Gold, I had 
the opportunity of using streptomycin in 
two patients who had penicillin- and 
sulfonamide-resistant gonococcus infections 
of the urethra. In one, a woman, there were 
thirty-two positive cultures during a course 
of treatment with sulfadiazine and/or 
penicillin. Thirty-six hours after strepto- 
mycin was used, the cultures became nega- 
tive and remained so. The other patient 
was a young man who took sulfadiazine on 
and off for nine months and had five courses 
of penicillin. His cultures also became nega- 
tive after 3 Gm. of streptomycin. Two other 
patients were treated with streptomycin. 
Both had an Aerogenes infection; in one, it 
was complicated by Streptococcus alpha 
and in the other, by a staphylococcus. Both 
had failed to respond to sulfadiazine and 
penicillin but responded to combined peni- 
cillin-streptomycin therapy. All of these 
patients received a dose of 2 Gm. of strepto- 
mycin daily for five days. 
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Dr. Gop: Dr. McDermott, did you have 
a comment? 

Dr. McDermortr: In summarizing the 
material so briefly, I omitted mention of 
certain types of infections by gram-positive 
organisms against which streptomycin is 
effective. One very important instance is 
bacterial endocarditis caused by organisms 
with a relatively high penicillin-resistance, 
such as those of the Zymogenes-faecalis 
group and another is staphylococcus endo- 
carditis caused by penicillin-resistant strains. 

VisiTor: I would like to ask Dr. McDer- 
mott if he has had any experience with 
streptomycin in typhoid carriers and whether 
he ever used it orally in an attempt to 
sterilize the stools with respect to the 
typhoid organism? 

Dr. McDermott: We have no experience 
along those lines. We have treated only six 
patients with typhoid fever. They were all 
early cases and were excellent for clinical 
evaluation since all had bacteremia at the 
time treatment was started. In four, there 
was no effect. Two patients did very nicely 
in terms of the progress of their typhoid 
fever but we do not know whether the favor- 
able course was related to the streptomycin. 
It would be my guess that streptomycin 
would have only a temporary effect on the 
carrier state and that this would not persist 
after the streptomycin was discontinued. 

Dr. McKeen would like to 
ask Dr. McDermott whether we may not 
anticipate that, if streptomycin is widely 
used in the treatment of tuberculosis, most 
infections will eventually be of resistant 
strains? 

Dr. McDermott: Dr. Cattell, I think we 
can almost guarantee it, if enough tuber- 
culosis is treated with streptomycin. We 
do not know, of course, how long the strains 
remain streptomycin-resistant after the drug 
is discontinued. Thus far, the few which we 
have treated have remained resistant for 
as long as ninety days following a four- 
month period of therapy. However, it may be 
that in six months or so they revert to their 
original state of streptomycin-sensitivity. 
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| believe, and I am sure Dr. Muschen- 
heim agrees with me, that the importance 
of streptomycin in tuberculosis lies not so 
much in its own potential for the cure of 
tuberculosis, as in the demonstration, by 
means of this drug, that it is possible to affect 
the course of the tuberculous infection with 
a chemotherapeutic agent. We hope that 
eventually there will be a better agent than 
streptomycin for the long pull in this disease. 

Dr. Gop: Dr. McDermott, is there a 
record of a single patient with tuberculosis 
who has been cured by streptomycin? 

Dr. McDermott: Oh, yes, I would say 
that of Dr. Hinshaw’s patients with menin- 
gitis. Would you go along with that, Dr. 
Muschenheim? 

Dr. CARL MuscHENHEM: Those patients 
have been followed for six months or more 
but whether they cduld be called ‘‘cured,”’ 
I think, is somewhat doubtful. I do not think 
that there has been any more evidence that 
tuberculosis is ‘‘cured”’ by streptomycin 
than that it is ‘‘cured”’ by any other method 
of treatment. I am talking about tuber- 
culosis in general. I think that we still must 
speak in terms of “‘arrest’’ and that we still 
must expect relapses on the same basis and 
caused by the same influences as we have 
found in the past with other forms of 
treatment. 

Dr. McDermott: The term “cure” 
should not be used. The action of strepto- 
mycin was originally described by Hinshaw 
and Feldman as “‘suppressive.”’ Actually, all 
antimicrobial agents are ‘“‘suppressive.” 
Streptomycin is in no way different in its 
effect on tuberculosis than any other anti- 
microbial agent on other infections. What 
we should anticipate from streptomycin and 
future antituberculous agents is not a dis- 
solution of all tubercle bacilli within the 
body, but rather the conversion of all, or 
nearly all cases, of certain types of active 
tuberculosis into the equivalent of the best 
results previously obtained by natural 
mechanisms. 

Dr. MuscHENHEM: I would like to refer 
to the statement made by Dr. McDermott 
that streptomycin is not the ideal drug in 
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the treatment of tuberculosis because of the 
development of resistance. I do not think 
that he intended to convey the impression 
that streptomycin could not be useful in a 
general program of treatment of all kinds 
of tuberculosis. He indicated that there are 
particular phases of tuberculosis, namely, 
the exudative ones in which the effect of 
streptomycin is most dramatic. 

Another point concerns the fact that the 
effectiveness in tuberculosis may be of brief 
duration. Therefore, in applying strepto- 
mycin in association with other forms of 
treatment, such as surgery or collapse 
therapy of various kinds, we should choose 
the time very carefully. We do not want to 
shoot our bolt, so to speak, before we really 
need it. 

Dr. WALTER MODELL: This is the first 
time, I think, that I have heard Dr. McDer- 
mott advise the combined use of two 
chemotherapeutic agents. I wonder, in view 


"of that, what he thinks about using strepto- 


mycin together with one of the sulphones, 
such as promin, which had been recom- 
mended some time ago as an effective 
antitubercular agent. 

Dr. McDermott: Implied in your query 
is the view that the combined use of anti- 
microbial agents may materially diminish 
the development of resistance to either agent. 
There is impressive in vitro evidence that it 
may be so. This has been a subject of a great 
deal of debate and speculation. 

The combined use of streptomycin and 
promin is now being tried out. It should 
take a relatively short period of time to find 
out whether promin is useful when combined 
with streptomycin because the development 
of resistance to streptomycin is so uniform. 

Dr. Morris PEARLMUTTER: How should 
one treat a fulminating case of influenzal 
meningitis, Dr. McDermott? 

Dr. McDerwotr: I am probably not the 
one best qualified to answer that since I am 
not a pediatrician but I will answer it any- 
way. I would use streptomycin alone for a 
twenty-four-hour period. At the end of that 
time, I would be guided principally by the 
findings in the spinal fluid, especially by the 
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number of bacteria. ‘They are relatively 
easy to demonstrate by the quellung test. If 
it fell from 1,000 to the order of about 20, I 
would continue the streptomycin but if the 
effects were not as impressive, I would most 
certainly switch to Dr. Alexander’s immune 
serum and sulfadiazine. In the few patients 
whom we have treated, the results have been 
dramatic with streptomycin alone. 

Dr. PEARLMUTTER: Suppose the count 
dropped but slightly, would you then be 
inclined to treat the patient with all three 
agents? 

Dr. McDermott: I would certainly see 
no objection to treating with all three or 
with a combination of two. Sulfadiazine 
presents no problems. Immune serum is 
rather expensive and so is streptomycin. I 
see no theoretical objection, however, to 
using all three agents together. 

Dr. Gop: Dr. Levine, could we have an 
expression of opinion from you? 

Dr. SAMUEL Z. Levine: In a particularly 
fulminating case of influenzal meningitis, 
on the basis of Dr. Alexander’s experience, 
it would seem wise not to postpone the use 
of the three agents in combination if the 
response to streptomycin alone were not 
dramatic. As Dr. McDermott pointed out, 
it cannot do any harm, except for the cost, 
and it may do a lot of good. 

Dr. McDermott: I did not see Dr. Levine 
there or I would not have been so presump- 
tuous as to answer that question. 

Dr. Gop: Tell us something about the 
cost. 

Dr. McDermott: As a matter of fact, in 
influenzal meningitis, the expense of strepto- 
mycin is not so great because one is usually 
dealing with an infant or small child. One- 
half Gm. to 1 Gm., depending upon the 
size of the child, is usually enough for a 
daily dose. The market price fluctuates but 
streptomycin is purchasable at this time for 
approximately $4.00 for 1 Gm. 

VisiIror: What has been the experience 
with the so-called minimal lesions in 
tuberculosis? 

Dr. MuscHENHEIM: We have not treated 
minimal lesions although we had one case 
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which was virtually minimal. It was moder- 
ately advanced because there was a very 
tiny cavity. This promptly closed with 
streptomycin. The patient was a young 
colored girl who, with a good deal of bed 
rest, had failed to obtain an arrest of the 
disease. It was only because the disease has 
such a serious prognosis in her particular 
age, sex and race that we even considered 
treating her with streptomycin. 

In general, I believe, and I think Dr. 
McDermott agrees with me, that minimal 
cases should not be treated with strepto- 
mycin. We know nothing yet about the 
late toxic sequellae of the drug. Dr. Mc- 
Dermott has called attention to the eosino- 
philia which causes some concern since it 
might indicate serious, late sequellae. We 
hesitate to give streptomycin in these mini- 
mal cases because we ‘are afraid of causing 
serious toxic effects in the treatment of a 
disease which has an almost uniformly 
favorable prognosis when treated by methods 
known to be safe. 

VisiTor: If the organism becomes strepto- 
mycin-resistant, is the infection any more 
dangerous? 

Dr. McDermott: That is a problem 
which has concerned us and about which 
there is no information. It certainly should 
be investigated. We must find out whether 
the continued administration of strepto- 
mycin after development of streptomycin- 
resistance produces a more fulminating type 
of infection. 

Dr. Goip: How do you view the mecha- 
nism of the very rapid development of 
resistance to streptomycin in view of the 
more or less generally accepted idea that 
the development of resistance is due to the 
breeding out of resistant strains? Why does 
that happen so quickly in the case of strepto- 
mycin and relatively slowly in the case of 
penicillin? It is fundamentally the same type 
of process, breeding out the tolerant or 
resistant members of a strain. 

Dr. McDernotr: I think that the de- 
velopment of bacterial resistance proceeds 
by several mechanisms; breeding out is only 
one; mutation is another. There is evidence 
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that adaptive enzymes can be developed by 
bacteria. The selective breeding of chance 
developing mutants is generally believed to 
be the most reasonable explanation for most 
instances of the recognized resistances. Most 
organisms against which penicillin is effec- 
tive show remarkable uniformity in their 
sensitivity in vitro among the individual 
members of a species. ‘There are some excep- 
tions such as the staphylococcus. It seems to 
be otherwise for streptomycin. The Escheri- 
chia coli against which streptomycin is so 
effective, for example, shows rather wide 
differences in the susceptibility of members 
of a species. A fundamental difference in the 
point of attack on the vital functions of the 
bacterial cells in the case of the two drugs 
may be one factor in explaining the ease 
with which streptomycin produces bacterial 
resistance. This applies to the mechanism of 
breeding out resistant members as well as to 
any other mechanisms by which resistance 
within bacterial cells may be developed. 

INTERN: I would like to ask if the kidney 
damage caused by streptomycin is perma- 
nent or reversible? 

Dr. McDermott: Some of it is certainly 
reversible. We had one patient, about thirty 
years old, who, in the course of a very 
serious tuberculous pneumonia, developed 
evidence of fairly marked renal damage 
during a sixty-day period of streptomycin 
therapy. The urea clearance fell to about 
40 per cent of normal. During the second 
sixty-day period of treatment the renal 
damage subsided concurrently with the 
improvement in the tuberculous pneu- 
monia. Another patient, who had only one 
kidney, suffered renal damage during the 
first course of treatment with streptomycin. 
A second course of treatment for ninety 
days, however, produced no further appar- 
ent, damage, the blood urea nitrogen re- 
maining somewhat above 30 mg. and the 
urea clearance below 20 per cent of normal. 

Dr. CatTTeLt: I would like to ask Dr. 
McDermott if he has tested the resistance of 
the organisms in the tuberculous patients 
before using streptomycin? 

Dr. McDermott: We have in every case 
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and all of them were sensitive. This was 
also the case with the organisms which were 
tested by Dr. Youmans in Dr. Hinshaw’s 
studies. I must emphasize that the condi- 
tions of the test are not such as to give one a 
wide sampling of the individual cells in a 
particular culture. No one has as yet carried 
out the necessary test of streaking out the 
culture and testing a number of different 
cells for sensitivity. 

Dr. Gotp: Do not all routine zn vitro tests 
for sensitivity suffer from the same defect, 
namely, that they fail to separate out resist- 
ant from sensitive members in the sample 
which is being tested? 

Dr. McDermott: That is so, Dr. Gold 
when the test is performed in liquid media. 
It is not so when the organisms are plated 
out. That is what is being done in the case of 
the staphylococcus, for example. 

INTERN: I would like to ask if strepto- 
mycin has an effect on the hematopoietic 
system? I remember one patient in whom 
the platelet count dropped from 350,000 to 
around 40,000 after streptomycin adminis- 
tration. When the streptomycin was discon- 
tinued, the platelet count returned to normal. 

Dr. McDermotr: Was there any bleeding? 

SAME INTERN: Yes, there was bleeding 
when the count was at the low point. The 
bleeding was the reason for the count. This 
patient had had typhoid fever and the gall- 
bladder was removed because he was a 
typhoid’ carrier. He then developed a 
typhoid abscess in the operative wound for 
which the streptomycin was given. 

Dr. McDermott: Was he receiving a 
sulfonamide? 

SAME INTERN: No. 

Dr. McDerwmotr: Such a reaction might 
be expected after a sulfonamide but I have 
never encountered it after streptomycin. 
There is a report of a patient with acute 
brucellosis treated with streptomycin who 
developed thrombocytopenic purpura from 
which he recovered completely. We have 
seen leukopenia and in one case it was 
associated with granulocytopenia. We have 
seen these reactions in patients with acute 
miliary tuberculosis in whom the possibility 
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of bone 
present. 

Dr. MuscHENHEIM: Dr. Bunn told me of 
a patient with miliary tuberculosis who 
developed granulocytopenia whichimproved 
after the discontinuation of streptomycin. 
This seemed to rule out bone marrow infec- 
tion due to tuberculosis. 

Dr. Goip: Dr. McDermott, will you say 
something about the dosage and the prepa- 
rations? 

Dr. McDerwmotr: By great good fortune, 
the original unit of streptomycin coincided 
with 1.0 microgram of the active substance. 
This makes it convenient, therefore, to 
express dosage in terms of weight of the drug. 

Dr. Gop: Are doses expressed in terms 
of the pure crystalline substance? 

Dr. McDermott: Yes, in terms of the 
pure streptomycin base. The material which 
is marketed is in the form of the hydro- 
chloride or the sulfate and it is not pure. 
The label on the vial indicates the amount 
of the pure base to which the contents of the 
vial is equivalent. Thus, in a vial labeled as 
equivalent in activity to 1 Gm. of strepto- 
mycin base, the actual weight of the material 
in the vial may be greater than 1 Gm. be- 
cause of the impurities. Because of the dif- 
ferences in the amount of impurities in 
different preparations, two vials labeled 
1 Gm. streptomycin may contain different 
amounts of material while both represent 
the activity of the same amounts of pure 
streptomycin. 

The material is soluble in water. It can 
be administered dissolved in distiiled water. 
It is usually given by intramuscular injection. 

For most infections, 1 to 3 Gm. daily is 
adequate. In tuberculosis, Dr. Hinshaw’s 
group first used 1 Gm. and then 1.5 Gm. 
We used 3 Gm. from the beginning. There 
is no evidence that our patients have done 
any better than Dr. Hinshaw’s. There is no 
evidence that large initial doses prevent the 
development of bacterial resistance; at 
least bacterial resistance has not been pre- 
vented by even such large doses of strepto- 
mycin as cause toxic effects. For most 
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urinary tract infections, I think 1 Gm. per 
day should be sufficient. In Hemophilus 
influenzal meningitis, the dose depends on 
the size of the child. I think 0.1 Gm. is the 
upper limit of safe dosage in an adult when 
the drug is administered by the intrathecal 
route. Larger doses than that are sometimes 
tolerated but are sometimes associated 
with toxicity. We would therefore advise 
using single doses of streptomycin no larger 
than 0.1 Gm. when given by the intrathecal 
route. 

Dr. Gotp: Do you prefer the interrupted 
intramuscular method of administration? 

Dr. McDerworr: Usually I do. Ina non- 
fulminating infection, I would say that 
therapy during eighteen of the twenty-four 
hours would be adequate. In a fulminating 
infection, such as Hemophilus influenzal 
meningitis, injections should be given at 
three-hour intervals around the clock. 

Dr. Gop: Not by intravenous injection? 

Dr. McDermott: It is unnecessary. 

Dr. JANET TRAVELL: Does the material 
cause pain? 

Dr. McDerwotrt: Yes, the commercially 
available material of the past two years was 
painful to a variable degree. Highly purified 
crystalline material, at least 95 per cent 
pure, such as we used in the tuberculosis 
study, is no more painful than the best 
penicillin preparations. 

Dr. Gop: Is there any material on the 
market that is as pure as the standard 
against which the streptomycin of ccm- 
merce is compared in the assay? 

Dr. McDermott: No, but I believe that 
the large manufacturers are soon going to 
have on the market material of about the 
same grade of purity as the highly purified 
material which we used. 

Dr. TRAVELL: Will that increase the cost? 

Dr. McDermott: It increases the cost 
to the manufacturers considerably because 
they lose about 50 per cent of the yield in 
the crystallization. I doubt that it will 
materially increase the cost to the public 
in a competitive market if there is enough 
demand for it. 
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Dr. PEARLMUTTER: Has streptomycin 
been given a trial in virus pneumonia? 

Dr. McDermott: I do not know of any 
instances in which it has but I assume that 
it has. I would certainly be opposed to using 
it in atypical pneumonia. Although the drug 
is relatively non-toxic in comparison to 
some drugs, it is not innocuous and not to 
be used for self-limited, benign infections. 

Dr. Go.p: How does the problem of oral 
administration stand at the moment? Ani- 
mal experiments show that it is absorbed 
by the oral route and that the fatal dose, by 
mouth, in mice, is just about three times 
that by subcutaneous injection. I am won- 
dering whether the situation here is analo- 
gous to the case of penicillin in which, if we 
give something like five to ten times the 
parenteral dose, we might obtain perfectly 
satisfactory effects by the oral route. Have 
you any opinion about that? 

Dr. McDermott: We have not pursued 
the subject because of the scarcity of the 
material. 

Vistror: At Bellevue Hospital a series of 
typhoid carriers was examined. First, the 
drug was given intravenously. ‘There was no 
conspicuous effect on the typhoid organism. 
There was a high incidence of renal toxicity 
among these patients. Some of them were 
given the drug orally. ‘There was apparently 
less renal irritation. For a time the stool 
cultures were negative but subsequently 
reverted to positive. I am not certain of the 
range of dosage when it was given orally; I 
think it was of the order of twice the intra- 
venous dose. 

ANOTHER VisiTor: Is it possible to inject 
streptomycin intramuscularly in wax and 
oil to avoid multiple injections as is now 
often done with penicillin? 

Dr. McDermott: Unfortunately, that is 
not practicable because the amount of the 
drug which would be given in such a fashion 
would be too large, much greater than that 
in the case of penicillin. 

INTERN: At a recent therapy conference 
on urinary tract infections we were left with 
the impression that the sulfa drugs are far 
more useful in these infections than strep- 
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tomycin. I wonder if you share those 
sentiments? 

Dr. McDermott: In uncomplicated in- 
fections of Escherichia coli, which is the 
most common infection of the urinary tract 
seen by the internist and the obstetrician, I 
believe that sulfadiazine should be used first. 
While streptomycin is very effective against 
the Escherichia coli urinary infections, its 
greatest value in infections of the urinary 
tract does not apply to the Escherichia coli 
infections but to the infections by other 
organisms in the urinary tract and in those 
complicated by bacteremia or metastatic 
abscesses arising in association with obstruc- 
tions of the urinary tract. 

Dr. Goitp: Dr. McDermott, as matters 
stand at the present time, would you be 
inclined to give streptomycin a trial in any 
infection which was found not to respond to 
penicillin or a sulfa drug, irrespective of 
whether the organism involved was a 
coccus or bacillus, gram-positive or gram- 
negative? To be sure, experience with 
streptomycin in some infections such as 
typhoid fever, bacillary dysentery and 
undulant fever has been disappointing and, 
in those few instances, one might be justified 
in withholding the drug but how about the 
large variety of other infections? Is the scope 
of streptomycin uses sufficiently defined to 
justify its omission in an infection in which 
penicillin and the sulfa drugs were con- 
sidered and tried but proved ineffectual 
and in which it now seems that the pa- 
tient is likely to die unless the infection is 
controlled? 

Dr. McDermott: Yes, I think that 
streptomycin should be tried since there is 
evidence that some one of these agents will 
affect most bacterial infections. The virus 
infections are exceptions. I do believe, how- 
ever, that reasonable indications should be 
present before streptomycin is used because 
of its fairly high toxicity. 

Dr. Gop: Might you possibly first make 
an in vitro test for the susceptibility of the 
organism? 

Dr. McDermott: Yes, that would help. 

Dr. Gotp: I am afraid our time is up. 
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SUMMARY 


Dr. Move The conference this after- 
noon was on the subject of the uses of 
streptomycin. The experiences with the 
sulfa drugs and penicillin have been put to 
good use in speeding up the steps necessary 
for the proper clinical evaluation of this 
new antimicrobial agent and now, only 
about three years after the first clinical 
reports on streptomycin, a formidable 
volume of information has accumulated 
concerning its actions and uses. The ma- 
terial is now available in a highly purified 
form. Since, however, it still contains some 
impurities, varying in amounts in different 
preparations, a biologic assay is applied to 
the different lots. It is less confusing to 
express dosage in units of weight rather than 
in biologic units and, therefore, the labels on 
the vials describe the contents in terms of 
Gm. of pure streptomycin base. Strepto- 
mycin is freely soluble in water. It is suitable 
for all the common routes of administration. 
Not enough is known about its absorption 
by oral administration and it does not seem 
to be useful for systemic action by the oral 
route. It is most commonly given by intra- 
muscular injection in divided doses. A dose 
of 2 to 3 Gm. daily appears to be adequate 
for the majority of infections in which it is 
useful. Larger doses are likely to cause too 
high an incidence of toxic effects. 

Streptomycin is effective against most of 
the organisms which are inhibited by peni- 
cillin. In addition, however, it exerts a 
potent action against gram-negative organ- 
isms which are uninfluenced by penicillin. 
While bacteriologic experiments suggest a 
very wide field of usefulness for streptomycin, 
direct experience in the treatment of human 
diseases has greatly restricted the scope of 
its application. Experience thus far indi- 
cates that penicillin is preferable in those 
infections in which either of the drugs might 
be used because penicillin is non-toxic while 
streptomycin possesses toxic actions which 
are sometimes quite serious. There is also 
the fact that penicillin is administered in 
quantities measured in milligrams and 
streptomycin in quantities of grams and 
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these large amounts of the drug are not 
practical for some of the special technics of 
administration such as suspension in wax 
and oil for delayed absorption. Thus far, 
streptomycin has been found especially 
useful in urinary infections caused by the 
Escherichia coli and some other gram- 
negative bacterial infections of the urinary 
tract such as the Bacillus lactis aerogenes, 
Bacillus proteus and Bacillus pyocyaneus. 
It is highly effective in Friedlander’s pneu- 
monia, Hemophilus influenzae meningitis 
and tularemia. It has also been found 
effective in pneumonias, abscesses, peri- 
tonitis and other infections caused by the 
gram-negative bacteria frequently found in 
the urinary tract. It appears to be without 
value in virus infections. One of the most 
stirring aspects of streptomycin action is 
the observation that it cures certain forms of 
animal tuberculosis and the now well estab- 
lished clinical experience showing that it 
may check some forms of human tuberculo- 
sis, especially those in the exudative stage. 
There was considerable discussion in the 
conference concerning the details of its rdle 
in the therapy of human tuberculosis. 

Two other phases of streptomycin therapy 
received special consideration. There is 
some indication that different members of 
the same bacterial species show wide dif- 
ferences in susceptibility to streptomycin 
and it is now well established that for most 
infections, resistance to streptomycin is 
acquired quite rapidly, in a matter of days 
to weeks. This limits the application of the 
drug to brief courses of treatment and neces- 
sitates the use of fully effective doses from 
the outset. The next »oint is the matter of 
toxicity. Streptomycin is not an innocuous 
drug. In addition to the various allergic 
drug reactions such as skin rash and fever, 
it may produce serious renal damage, it may 
affect the blood-forming organs and it 
exerts an action on the central nervous 
system involving the vestibular apparatus 
and the eighth nerve causing vertigo, tinni- 
tus and impaired hearing, some of the effects 
becoming permanent. These effects are apt 
to occur after prolonged use of the drug, 
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after three or four weeks. They are more 
frequent with the larger doses, doses larger 
than those usually necessary. One needs to 
keep them in mind, however, for the. full 
scope of the applications of streptomycin 
has not yet been-established and a good deal 
of exploration is still necessary to establish 
the full potentialities of streptomycin in 
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human infections. In the present state of our 
knowledge, there is justification in giving 
streptomycin a trial in serious bacterial 
infections in which the other specific anti- 
microbial agents have failed. It is suggested 
that an zn vitro test of the sensitivity of the 
organism may help toestablish the indication 
for its trial in such cases. 


‘ 


Clinico-pathologic Conference 


Rheumatic Heart Disease, Bacterial 


Endocarditis and Cardiac Failure’ 


ee reports, edited by Robert J. Glaser, M.p., of weekly clinicopathologic 
conferences held in the Barnes Hospital, are published in each issue of the Journal. 
These conferences are participated in jointly by members of the Departments of Internal 
Medicine and Pathology of the Washington University Schoo] of Medicine and by Junior 


and Senior medical students. 


HE patient, L. B., (B. H. No. 118183), 

a twenty- two year old white, married 

draftsman, entered the Barnes Hos- 
pital for the first time on September 22, 
1944, complaining of weakness. The family 
history was non-contributory. The past 
history revealed that the patient, in addition 
to the. usual childhood diseases, had had 
scarlet fever at the age of six years and, sub- 
sequently, his mother had been told that the 
patient’s heart had been damaged. At the 
age of nine, he was said to have had “‘rheu- 
matism’’ for several days but he could recall 
no specific symptoms. From that time on he 
had been a thin, nervous individual who 
lacked physical endurance but he had had 
no further significant illnesses. His habits 
were good. 

Six months before entry, the patient was 
given digitalis by his family physician 
although he could give no history of any 
cardiac symptoms at that time. He took the 
medication for one month and then discon- 
tinued it because of nausea. About seven 
weeks before entry, he developed increasing 
fatiguability, so much so that he often fell 
asleep while working and at night slept 
twelve hours; his appetite also decreased. 
About five weeks before admission, the 
patient had a tooth extracted and a few 
days thereafter he noted the onset of fever 
which at one time was said to have been as 
high as 104°r. A non-productive cough, 
associated with generalized aching pains 


in the chest and left arm, began and the 
patient again consulted his family physician 
who made a tentative diagnosis of tuber- 
culosis; a chest film was negative, however, 
and the diagnosis was changed to chronic 
bronchitis. 

One month prior to entry, small, painful 
red spots appeared on the tips of the patient’s 
fingers and toes and a week later he began 
to note palpitation and dyspnea on exertion. 
Two weeks later, his ankles swelled and he 
was admitted to a rural hospital where he 
was given a sulfonamide drug four times 
daily for four days. He became very nause- 
ated and totally anorexic and was trans- 
ferred to the Barnes Hospital. 

At the time of entry, his temperature was 
37°c., pulse 92, respirations 24 and blood 
pressure 94/50. The patient was a well 
developed but poorly nourished, young, 
white male who lay quietly in bed and 
appeared chronically ill. The skin was 
pallid. Petechiae were noted on the skin 
of the back, hands and feet and there were 
small, tender, red lesions on some of the 
finger tips. The joints appeared normal. 
The conjunctivae were clear. The pupils 
reacted well to light and accommodation 
and fundoscopic examination was negative. 
The teeth were carious and the gums ex- 
hibited signs of infection. Examination of 
the lungs revealed them to be clear to per- 
cussion and auscultation. On inspection, 
the heart appeared hyperactive; a heaving 
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impulse occupied most of the precordium 
and a systolic thrill was easily palpable. On 
percussion, left border dullness enlargement 
extended 14 cm. in the fifth interspace and 
13 cm. in the sixth interspace and right 
border enlargement was 3.5 cm. in the 
fourth interspace. The first sound was ob- 
scured by a very rough, harsh, blowing 
systolic murmur which could be heard all 
over the precordium as well as posteriorly. 
A mid-diastolic, low pitched, rumbling 
murmur was audible at the apex. The 
rhythm was regular. The spleen was palpa- 
ble 4 cm. below the left costal margin and 
was slightly tender. The remainder of the 
abdominal examination was negative; there 
was no clubbing and the neurologic ex- 
amination was within normal limits. 

The laboratory findings were as follows: 
Blood count: red cells, 4,320,000; hemo- 
globin, 12.5 Gm.; white cells, 9,500; dif- 
ferential count; juvenile forms, 2 per cent; 
stab forms 27 per cent; segmented forms, 
60 per cent; lymphocytes, 11 per cent. 
Urinalysis; albumin, trace; sediment, oc- 
casional hyaline cast and occasional red 
blood cell. Stool examination: negative. 
Blood Kahn test: positive. Blood chemistry: 
non-protein nitrogen, 18 mg. per cent; total 
protein, 6.1 Gm. per cent; albumin, 3.5 Gm. 
per cent; globulin, 2.6 Gm. per cent. Blood 
sulfadiazine level (on entry): 10.5 mg. per 
cent. Venous pressure: 125 mm. of saline. 
Circulation time (decholin): 16 seconds. 
Vital capacity: 2700 cu. cm. Roentgeno- 
gram of the chest: ‘“The cardiac silhouette is 
enlarged to the left and somewhat to the 
right. It has a globular appearance with 
prominence in the region of the pulmonary 
artery. The aorta is inconspicuous. There is 
tenting and irregularity of both leaves of the 
diaphragm, presumably as a result of 
adhesions from old pleurisy.” Electro- 
cardiogram: slurring and notching in lead 
1; T waves low upright. 

Five consecutive blood cultures taken 
shortly after the patient entered the hospital 
were positive for alpha-hemolytic strepto- 
cocci. A swinging temperature curve per- 
sisted and showers of new emboli were 
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observed. As soon as the blood culture results 
were known, penicillin was instituted in a 
dosage of 40,000 units every two hours 
intramuscularly. There was a prompt re- 
sponse to therapy as indicated by a fall in 
temperature and a great decrease in the 
number of emboli. The urine became en- 
tirely negative and subsequent blood cultures 
were all sterile. The blood Kahn test was 
repeated and on titration revealed 40 Kahn 
units. The patient denied any lesions sug- 
gestive of primary or secondary syphilis and 
no further antisyphilitic therapy was insti- 
tuted during the hospital stay. 

The patient continued to receive peni- 
cillin for nineteen days after which it was 
discontinued; he received a total of 5,850,- 
000 units. He left the hospital on November 
5th, 1944, to be followed in the Clinic. 

Following discharge, the patient did 
progressively well. He had no further fever 
nor petechiae and three months after dis- 
charge was well enough to resume his work 
as a draftsman. Five months before his sec- 
ond admission, he had a number of teeth 
extracted at weekly intervals, each time 
with sulfadiazine prophylaxis. He was 
followed in the Clinic where his general 
condition continued to be good except that 
he failed to gain weight despite an excellent 
appetite. He was advised to re-enter the 
hospital in order to ascertain the cause for 
his failure to gain weight. 

He was admitted on July 9, 1945, at which 
time the temperature was 37.2°c., pulse 100, 
respirations 24 and blood pressure 128/65. 
He appeared quite well. No petechiae were 
observed. The only changes in physical 
examination from those recorded on the 
previous admission were as follows: a 
definite early high-pitched diastolic blow 
was heard over the aortic area and along the 
left sternal border. The pulses were fuller 
than before and the pulse pressure had 
increased. The liver edge was felt 1 to 2 cm. 
below the costal margin. It was thought by 
one observer that the fingers were slightly 
clubbed. 

Laboratory studies revealed the blood 
count, urinalysis and stool examination to 
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be entirely within normal limits. The blood 
Kahn test was negative. The vital capacity 
was 4400 cu. cm. and the corrected sedi- 
mentation rate 0.1 mm. per minute. The 
electrocardiogram showed only a full P-R 
interval. Because of the previously positive 
serologic test for syphilis, a lumbar puncture 
was performed and the findings were entirely 
negative. During his hospital stay the pa- 
tient’s course was entirely uneventful and 
he was discharged on July 14, 1945, to be 
followed in the Clinic. 

He did quite well for a number of months, 
working as a radio repair man. One month 
before his third hospital admission, he de- 
veloped an upper respiratory infection 
which was followed by a non-productive 
cough; at no time did he have fever. He 
recovered from the respiratory infection but 
subsequently had increasing dyspnea on 
exertion which soon became so severe as to 
incapacitate him. He also had episodes of 
paroxysmal nocturnal dyspnea and com- 
plained of frequent palpitation. Progressive 
edema of the ankles likewise appeared and 
the patient gained approximately 6 pounds. 
One week before entry, he noted pain in the 
upper abdomen and a feeling of fullness after 
meals. He had no other digestive symptoms 
nor had he had pain in the chest, night 
sweats or fever. He was readmitted to the 
hospital on March 5, 1946. 

At the time of entry, his temperature was 
37°c., respirations 24, pulse 90 and blood 
pressure 110/70. He appeared rather ill and 
in moderate respiratory distress. Orthopnea 
was particularly notable. There was a 
frequent, dry, hacking cough. The neck 
veins were markedly distended. There was 
some diminution of breath sounds over the 
right posterior chest but definite signs of 
fluid were not made out. A heaving pre- 
cordial pulsation extended to the left mid- 
axillary line and the heart rate was 128 at 
the apex. The rhythm was irregular. The 
same harsh, systolic murmur previously 
noted was present and P, was accentuated. 
In the aortic area, the sounds were muffled 
and a diastolic murmur could not be made 
out. The liver extended 5 cm. below the 
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costal margin and was smooth and tender. 
The spleen was questionably palpable. 
There was 1+ ankle edema. 

The laboratory findings were as follows: 
the red count, hemoglobin, white count 
and differential count were normal. Urin- 
alysis: specific gravity, 1.022; albumin, 1+; 
sediment, negative. Stool examination: nega- 
tive. Blood Kahn test: negative. Venous 
pressure: 240 mm. of saline. Circulation 
time (decholin): 44 seconds. Blood chemis- 
try: non-protein nitrogen, 25 mg. per cent; 
total protein, 4.6 Gm. per cent; albumin, 
3.1 Gm. per cent; globulin, 1.5 Gm. per 
cent. Blood cultures: no growth. Electro- 
cardiogram: low voltage in lead 1; auricular 
fibrillation, right axis deviation. 

The patient was digitalized with digitoxin; 
his venous pressure soon fell to 140 mm. of 
saline and the circulation time to 30 seconds. 
Dyspnea, orthopnea, ankle edema and 
cough all disappeared and on a salt-free 
diet the patient became quite comfortable. 
He left the hospital on March 17, 1946, with 
instructions to maintain a salt-free diet and 
to take 0.2 mg. of digitoxin daily. Once 
during his hospital stay, one observer again 
described an early diastolic murmur at the 
aortic area and along the left sternal border. 
At no time were any of the peripheral mani- 
festations of bacterial endocarditis noted. 

Following discharge, the patient was 
essentially symptom-free except for mild 
dyspnea on exertion. One month before his 
fourth admission, he had the onset of two- 
pillow orthopnea and his ankles again began 
to swell. He had no fever, chest pain or any 
digestive disturbances. He re-entered the 
Barnes Hospital on July 1, 1946. 

The findings on physical examination 
included a temperature of 37.2°c., pulse 84, 
respirations 18 and blood pressure 124/80. 
Physical examination was essentially un- 
changed from that recorded on the third 
admission except the neck vein distention 
was not so marked. Auricular fibrillation 
was again described and the liver, which 
was palpable 4 cm. below the right costal 
margin, was tender. The spleen could not 
be felt. No clubbing or edema was described. 
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The routine blood studies were all normal. 
The urine was negative except for a small 
amount of albumin. Blood cultures were all 
sterile. ‘The venous pressure was 220 mm. 
of saline and the circulation time with 
decholin was 55 seconds. Films of the chest 
revealed no new findings. An electrocardio- 
gram showed auricular fibrillation, right 
axis deviation, ventricular premature con- 
tractions and questionable digitalis effect. 

The patient was seen in consultation by 
the dental surgeon and extraction of two 
badly diseased teeth was advised. Penicillin 
was given prophylactically and the teeth 
removed under local anesthesia. Subsequent 
to extraction, repeated blood cultures con- 
tinued to be sterile and at the time of dis- 
charge on July 12, 1946, the patient was 
essentially symptom-free. He was again 
instructed to maintain a salt-free diet and 
to continue digitoxin. During his stay he 
had had no fever. 

In the eight weeks following discharge, 
the patient had a gradual but progressive 
increase in dyspnea, ankle edema and non- 
productive cough and on September 6, 1946, 
he was re-admitted for evaluation of his 
cardiac status. 

The findings on physical examination 
were not significantly changed from those 
noted previously. The laboratory findings 
of interest were a white count was 19,650; 
the differential count showed 2 per cent 
basophiles, 4 per cent eosinophiles, 12 per 
cent stab forms, 49 per cent segmented 
forms, 23 per cent lymphocytes and 10 per 
cent monocytes. Urinalysis revealed rare 
granular casts in the sediment. The venous 
pressure was 210 mm. of saline and the 
circulation time with decholin was 50 sec- 
onds. The total proteins were 4.7 Gm. per 
cent with 3.3 Gm. per cent of albumin and 
1.1 Gm. per cent of globulin. 

The patient remained in the hospital 
eight days; rest in bed combined with a salt- 
free diet and digitoxin were sufficient to 
restore cardiac cgmpensation. He left the 
hospital on September 14, 1946, to continue 
the same therapeutic regimen. 

He did fairly well and was able to return 
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to his work as a radio repair man. He was 
followed in the Clinic where he was given 
mercupurin intravenously at frequent inter- 
vals; prior to each administration of mercu- 
purin, he took ammonium chloride. Digitoxin 
therapy was likewise continued but, despite 
these measures, the patient’s ankle edema 
recurred and he developed increasing dysp- 
nea both on exertion and at rest. Likewise, 
paroxysmal nocturnal dyspnea reappeared 
and his cough became worse. He remained 
at home in bed for several weeks during 
which period flatulence and belching like- 
wise occurred; he complained of severe 
nausea but did not vomit. He entered the 
Barnes Hospital for the last time on Decem- 
ber 12, 1946. 

At that time, he appeared poorly nour- 
ished, depressed and extremely ill. Or- 
thopnea was marked but there was no 
cyanosis. The significant physical findings 
included marked venous distention and a 
massive right hydrothorax. ‘The heart was 
greatly enlarged and the precordial impulse 
was so severe as to shake the patient’s entire 
chest with each beat. Rapid auricular 
fibrillation was present with a marked pulse 
deficit and a harsh, grade iv, blowing, 
systolic murmur could be heard all over the 
thorax. A mid-diastolic rumble was likewise 
audible at the apex. At the base, the grade 
Iv systolic murmur could be heard but no 
aortic diastolic murmur could be made out. 
The liver extended 8 cm. below the costal 
margin. The spleen and kidneys were not 
palpable. There was 3+ pitting edema of 
the ankles extending up to the knees. 

Laboratory findings were as_ follows: 
the complete blood count, urinalysis and 
stool examination were all within normal 
limits. Blood: Kahn test: negative. Venous 
pressure: 300 mm. of saline; circulation 
time (decholin): 75 seconds. Blood chemis- 
try::non-protein nitrogen: 22 mg. per cent; 
CO, combining power, 51.8 vol. per cent; 
chlorides, 92 mEq./liter. Blood culture: 
negative. Roentgenogram of the chest: 
“There is extensive enlargement of the 
cardiac shadow. The aortic knob cannot be 
seen. There is a prominence of the cardiac 
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shadow in the region of the pulmonary 
conus and left auricle. Compared with 
previous films there has been some increase 
in heart size. The lungs show evidence of 
congestion but otherwise are normal except 
for the diaphragmatic adhesions previously 
present.”” Electrocardiogram: auricular 
fibrillation, digitalis effect and right axis 
deviation. 

The patient was placed on a regimen 
which included complete bed rest, a salt- 
free diet, digitoxin 0.1 mg. twice daily, 
ammonium chloride 1.0 Gm. three times 
daily and mercuhydrin 2.0 cc. every other 
day. Despite these measures, he failed to 
improve; indeed, his dyspnea and orthopnea 
increased and he was placed in an oxygen 
tent. Because of persistent nausea and 
vomiting, he was unable to take adequate 
food or fluids by mouth and had to be fed 
parenterally. The non-protein nitrogen 
gradually rose and before the patient’s 
death reached a level of 111 mg. per cent. 
During his entire hospital course the pa- 
tient remained afebrile. The sedimentation 
rate was within normal limits. His white 
count likewise was never elevated. In an 
attempt to achieve some degree of cardiac 
compensation, digitoxin was given intra- 
venously in doses totalling 0.3 mg. daily 
but it was not effective; the marked pulse 
deficit persisted and the patient continued 
to do poorly. The possibility of acute rheu- 
matic fever as an explanation of the patient’s 
poor response to digitalis was raised and 
salicylate therapy was instituted but it 
likewise was without favorable results. The 
patient became obtunded and subsisted on 
subcutaneous 5 per cent glucose in water. 
The apical cardiac rate and pulse deficit 
increased further; breathing became slow, 
irregular and gasping and the patient lapsed 
into a coma. Death occurred on December 
21, 1946. 


CLINICAL DISCUSSION 


Dr. Harry L. ALEXANDER: This patient 
had a long history which illustrates many 
of the essential features of rheumatic endo- 
carditis. The onset of the process apparently 


occurred when he was six years old and 
when he was twenty-two he developed sub- 
acute bacterial endocarditis due to the 
alpha-hemolytic streptococcus. The latter 
complication was apparently cured by 
penicillin but subsequently recurrent cardiac 
failure appeared and finally led to death. 
Let us consider first of all the onset of the 
rheumatic disease. According to the history, 
this man had scarlet fever when he was six 
years old and very shortly thereafter his 
mother was told that his heart had been 
effected. This sequence of events raises the 
question of the relation of scarlet fever to 
rheumatic fever. Dr. Harford, would you 
open the discussion of this point? 

Dr. Cart G. Harrorp: Scarlet fever is 
considered to be one of the streptococcal 
infections which may precipitate an attack 
of acute rheumatic fever. 

Dr. ALEXANDER: Is that opinion well 
accepted or is there some debate about it? 

Dr. Harrorp: There are probably some 
differences in the views of various interested 
and informed persons but certainly the 
majority favor this concept which was set 
forth by Dr. Homer Swift, among others. 

Dr. ALEXANDER: Dr. Massie, would you 
care to comment? 

Dr. Epwarp MassiE: I think the sequence 
described in this case is not an unusual one. 
Of course, scarlet fever per se need not occur, 
since a patient may have a streptococcal 
infection of the throat without a rash and 
develop rheumatic fever in much the same 
way. In other words, the manifestations of 
the original streptococcal infection may 
differ in various individuals whereas its 
relation to rheumatic fever is the same in 
all of them. 

Dr. ALEXANDER: We may, therefore, 
assume that the historic events outlined 
are not unusual and that this patient 
developed rheumatic fever as a consequence 
of scarlet fever when he was six. He did 
well from that time until he was twenty-two 
years old. He apparently received digitalis 
six months before his first admission here 
but we are unable to state why since he 
denied any cardiac symptoms at the time. 
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Seven weeks before his first entry, however, 
he noted the onset of fatigue and anorexia. 
Two weeks later, a tooth was extracted 
and one week after that and three weeks 
after the onset of fatigue, he had emboli 
and many of the signs and symptoms of 
bacterial endocarditis. Do the signs and 
symptoms of that disease usually develop 
over such a short period of time, Dr. 
Harford? 

Dr. Harrorop: [ think it is a little difficult 
to be sure how long the patient actually 
had the disease. 

Dr. ALEXANDER: According to the history, 
three weeks elapsed from the onset of fatigue, 
which was his first complaint, to the time 
he noted emboli. What is your feeling on 
this subject, Dr. Massie? 

Dr. Masse: I saw this man in consulta- 
tion at another hospital and was quite 
impressed by the rapidity of the develop- 
ment of the disease; indeed, I believed that 
it was one of the most rapidly developing 
cases I had ever seen. When I saw him, the 
diagnosis of bacterial endocarditis seemed 
quite clearcut and because at that time 
we were one of the clinics studying the 
effect of penicillin treatment on bacterial 
endocarditis, the patient was transferred 
to the Barnes Hospital. I might say that 
when I questioned the patient I had the 
impression that his symptoms prior to dental 
extraction were not particularly severe and 
I believed that the bacterial endocarditis 
was secondary to the extraction. In that 
case, the manifestations of the disease 
developed within a week. 

Dr. ALEXANDER: Are you impressed 
with the fact that he had no anemia when 
he was admitted, Dr. Moore? 

Dr. Cart V. Moore: Anemia is certainly 
a characteristic finding in subacute bac- 
terial endocarditis but there are cases such 
as this one in which anemia is not present. 

Dr. ALEXANDER: It was my feeling that 
anemia had not yet developed because of 
the very short duration of the entire process. 
After the diagnosis was confirmed by a 
number of positive blood cultures, the 
patient received 40,000 units of penicillin 


AMERICAN JOURNAL OF MEDICINE 


147 


every two hours intramuscularly for nine- 
teen days, a total dosage of almost 6,000,000 
units. Dr. Harford, what is the suggested 
period of treatment for this disease? 

Dr. Harrorp: In general, we believe 
that treatment should be continued for a 
longer period of time than was used in this 
case. We have seen relapses occur after two 
or three weeks of therapy and now believe 
that a period of six weeks is advisable. ‘This 
man was treated at a time when penicillin 
was scarce and, therefore, the duration of 
treatment was shorter than would be used 
today. 

Dr. ALEXANDER: Would you comment 
on the dosage? 

Dr. Harrorp: The dose, of course, must 
be adjusted to that level which controls the 
disease. We usually begin with a dose of 
50,000 units given every two hours intra- 
muscularly. If sensitivity tests are done, 
a dose is usually advised which achieves 
blood levels four or five times the in vitro 
sensitivity of the organism. The clinician 
must base his judgment as to the efficacy 
of a given dosage on the temperature 
response, the results of repeated blood 
cultures and the patient’s general clinical 
condition. If the original dose fails to control 
the process, the dosage should be doubled 
or even quadrupled. 

Dr. ALEXANDER: How frequently is drug- 
fastness observed? 

Dr. Harrorp: We observed two cases 
out of twenty-one in which the strepto- 
coccus recovered was definitely resistant to 
penicillin. 

Dr. C. V. Moore: It is interesting, in 
considering the dosage that this patient 
received, to note that Dr. Loewe in some 
instances had given as high as 10,000,000 
units per day in the treatment of penicillin- 
resistant organisms but even doses of that 
magnitude did not control all the cases in 
which the causative streptococcus was 
highly penicillin-resistant. 

Dr. Massie: Dr. Alexander, do you think 
that the very short duration of the patient’s 
illness prior to treatment favors the good 
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results obtained with the relatively small 
dose over a short period of time? 

Dr. ALEXANDER: That thought occurred 
to me and I am going to ask Dr. Robert 
Moore to comment on that point when he 
shows us the microscopic sections. As you 
know, Dr. Moore has studied the healing 
process of this disease very carefully in 
patients treated with penicillin. * 

This man’s heart was extremely large. 
He had a loud, systolic murmur which 
could be heard all over the precordium and 
a low pitched diastolic rumble which was 
heard at the apex. From these signs, Dr. 
Massie, would you be able to predict the 
sites of the valvular lesions in the heart? 

Dr. Massie: Certainly the signs point to 
both mitral stenosis and mitral insuff- 
ciency. In addition, on several occasions 
an early basal diastolic murmur was heard 
and therefore one would consider the possi- 
bility that the aortic valve may have been 
insufficient. 

Dr. ALEXANDER: In view of the huge 
heart size, would you expect to find evidence 
of pericarditis? 

Dr. Massie: There may well be areas 
where the pericardial space is obliterated 
by fibrous adhesions but I doubt that 
physiologic constriction of the heart occur- 
red. True constrictive pericarditis is rare 
in rheumatic heart disease. 

Dr. ALEXANDER: I was thinking more of 
pericardiomediastinal adhesions. 

Dr. Massie: I am sure that they will be 
found. 

Dr. ALEXANDER: Subsequent to his 
recovery from subacute bacterial endocardi- 
tis, the patient developed heart failure. Dr. 
Smith, I wonder if you would comment on 
the possible factors which led to his death? 

Dr. R. SmitH: When [I saw this 
patient on his last admission, I was impressed 
with the possibility that he might have had 
acute rheumatic carditis in addition, of 
course, to severe cardiac failure. 

Dr. ALEXANDER: -in other words, you 


* Moore, R. A., The cellular mechanism of recovery 
after treatment with penicillin. 1. Subacute bacterial 
endocarditis. 7. Lab. & Clin. Med., 31: 1279, 1946. 
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would postulate a recrudescence of acute 
rheumatic fever. Does the fact that he had 
no fever during the entire terminal illness 
mitigate against the diagnosis of acute 
carditis? 

Dr. Situ: No, not necessarily; tempera- 
ture elevation need not be present in acute 
rheumatic carditis. 

Dr. ALEXANDER: Very large doses of 
salicylate were given without effect. Yet 
it is still conceivable that the patient had 
acute rheumatic carditis; if so, would you 
expect the pathologist to demonstrate his- 
tologic evidence of the process? 

Dr. Smiru: Yes, I would. 

Dr. ALEXANDER: Are there other com- 
ments? 

Dr. Henry A. SCHROEDER: On his third 
admission, the patient was found to have 
developed auricular fibrillation; it is con- 
ceivable that the onset of the arrhythmia 
precipitated the mild degree of cardiac 
failure noted at that time and which was 
controlled rapidly by the use of one of the 
digitalis glucosides. 

Dr. ALEXANDER: Do you believe that the 
occurrence of auricular fibrillation here 
constituted a manifestation of chronic rheu- 
matic heart disease? 

Dr. SCHROEDER: Yes, I do, particularly 
in view of the excellent response to digitalis. 

Dr. ALEXANDER: Dr. Massie, do you 
have any further comment? 

Dr. Massie: I think the possibility that 
this patient had recurrent episodes of 
acute rheumatic carditis is suggested by 
the change in cardiac murmurs. Progressive 
failure per se should not have been accom- 
panied by the appearance of an aortic 
diastolic murmur. One other possibility is 
that the patient continued to have bacterial 
endocarditis, in the abacterial phase de- 
scribed by Libman, although I believe such 
an explanation is highly unlikely. 

Dr. ALEXANDER: Are there any other 
factors which may have contributed to the 
patient’s downhill course? 

Dr. C. V. Moore: Concomitantly with 
the healing of vegetations, the degree of 
valvular deformity may actually be ac- 
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centuated and may lead to progressive, in- 
tractable cardiac insufficiency. 

Dr. ALEXANDER: I believe a_ similar 
chain of events was reported by Libman in 
several of his patients who recovered from 
the disease. 

Dr. Harrorp: We have seen a number 
of our other patients, successfully treated 
for subacute bacterial endocarditis, subse- 
quently develop rapidly increasing cardiac 
failure which ultimately led to death. Such 
a sequence constitutes a tragic sequel to 
the successful treatment of this disease 
which, until the introduction of penicillin, 
carried a mortality rate which approached 
100 per cent. 

Dr. ALEXANDER: Is it possible that the 
patient did not receive enough digitalis? 
It is true that he probably would have died 
eventually of cardiac failure in any case 
but it was obviously desirable to achieve 
complete digitalization. 

Dr. RoBert J. GLAseR: As noted in the 
protocol, 0.3 mg. of digitoxin were given 
daily by the intravenous route in an attempt 
to slow the cardiac rate and decrease the 
pulse deficit. Because we had very little 
else to offer this man, we believed we were 
justified in giving large amounts and we 
believed adequate dosage was given; indeed, 
it seems probable that he actually received 
an excessive quantity. 

Dr. PALMER H. Futcuer: The patient’s 
non-protein nitrogen rose to a rather high 
level during his terminal illness. ‘The rise, 
of course, may well have been a manifesta- 
tion of hypochloremia and heart failure but, 
on the other hand, the patient had had 
scarlet fever and bacterial endocarditis, 
both of which may give rise to renal damage. 
I would therefore raise a question as to the 
possibility of glomerulonephritis. 

Dr. ALEXANDER: In summary, it seems 
clear that this patient, who had rheumatic 
fever at the age of six, developed subsequent 
rheumatic heart disease. At the age of 
twenty-two, he contracted subacute bac- 
terial endocarditis which was apparently 
cured by a course of penicillin therapy. 
Subsequent to his recovery, recurrent car- 
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diac failure occurred and progressed, eventu- 
ally failing to be controlled by all indicated 
measures and terminating in the patient’s 
death. As possible explanations of the rapid 
downhill course following recovery from 
subacute bacterial endocarditis, several sug- 
gestions have been made; included, were 
acute rheumatic carditis and valvular 
damage secondary to the healing of bacterial 
endocarditis. Further valvular deformity 
from multiple attacks of rheumatic fever 
was also mentioned. As possible causes of 
azotemia, chronic glomerulonephritis or 
focal embolic nephritis were suggested. 

Clinical Diagnoses: Rheumatic heart disease 
with mitral stenosis, mitral insufficiency and 
? aortic insufficiency; cardiac insufficiency; 
subacute bacterial endocarditis, healed; ? 
acute rheumatic heart carditis; ? chronic 
glomerulonephritis or focal embolic 
glomerulonephritis. 


PATHOLOGIC DISCUSSION 


Dr. Oscar N. Ramso: At autopsy, the 
body was that of a markedly emaciated 
man. There was marked edema of both 
lower extremities but no significant dif- 
ference in the circumferences of the legs or 
thighs. Edema was also noted in the 
dependent portions of the upper extremities. 
On examination of the thorax, the most 
striking pathologic findings were in the 
heart. Jn situ, the apex was at the seventh 
rib in the mid-axillary line. The left trans- 
verse diameter measured 13 cm. and the 
right transverse diameter 7 cm. with a 
transthoracic diameter of 26 cm. The heart 
was globular in shape; there was marked 
dilatation of all chambers, particularly of 
the right atrium, right ventricle and pul- 
monary conus. There were no pericardial 
adhesions. The pericardial sac contained 
200 cc. of dark yellow, cloudy fluid and in 
the epicardium of the right ventricle there 
was an irregular focal area of smooth fibrous 
thickening. 

Internal examination of the heart showed 
dilatation and hypertrophy of the right 
atrium; the wall was 3 mm. thick. The 
tricuspid ring was dilated and the leaflets 


150 


were slightly thickened but not deformed. 
The wall of the right ventricle was 8 mm. 
thick. The left atrium was markedly dilated 
and its wall had an average thickness of 
4 mm. In the endocardium of this chamber, 
there was a roughened, irregular area of 
yellow brown discoloration which lay in- 
ferior to the inferior pulmonary vein and 
superior to the posterior mitral leaflet. 
The mitral ring was slightly thickened, the 
leaflets showing diffuse fibrous thickening 
but no discrete nodules nor evidence of 
vegetations. The most significant change in 
the mitral valve was produced by thicken- 
ing, shortening and fusion of the chordae 
tendiniae. Diffuse areas of endocardial 
thickening of a smooth, white fibrous nature 
were found posterior to the mitral valve 
and inferior to the aortic valve. The left 
ventricle was markedly dilated; its wall 
measured 14 mm. in thickness. The cusps 
of the aortic valve showed only slight, 
smooth fibrous thickening, most marked 
at their bases, and there were adhesions 
between the cusps at the commisures. This 
process involved only 1 to 2 mm. of the 
free edges and produced only slight de- 
formity. The coronary ostia and vessels 
showed no gross abnormalities. 

The combined weight of the lungs was 
1,220 Gm. Both were firm, dark and con- 
gested with moist, dark red, cut surfaces. 
In the periphery of the lower lobe of the 
left lung, there was a firm, dark red pyra- 
midal lesion measuring 6 by 5 by 4 cm., 
the cut surface of which showed partial 
obliteration of the alveolar pattern. In the 
lingula of the upper lobe of the left lung 
and in the upper and lower lobes of the 
right lung, there were lobular foci of con- 
solidation, greenish in color, measuring 2 
to 10 cm. in diameter. No pleural adhesions 
were present. 

In the abdominal cavity, the liver was 
remarkable in that it weighed only 1,050 
Gm. It was dark brown with dark red foci 
in the centers of the lobules and was slightly 
firm in consistency. The spleen was en- 
larged, firm and dark red; it weighed 320 
Gm. Near the hilus, a small subcapsular 
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triangular lesion measuring 6 by 5 by 4 mm. 
was found. It was yellow in color and 
fibrous in consistency. The kidneys were 
moderately enlarged, dark brown and firm 
with a few depressed scars, 2 to 5 mm. in 
their greatest dimension, on the cortical 
surfaces. The bladder was distended; its 
apex lay 7 cm. above the symphysis and it 
contained 800 cc. of dark yellow urine. 
Dr. Ropert A. Moore: This case pre- 
sents interesting problems, both practical 
and theoretical, concerning whether or not 
the patient had subacute bacterial endo- 
carditis and how the process was brought 
under control by penicillin two years before 
he died. In order to understand what has 
gone before, and before showing the micro- 
scopic sections, I would like to outline what 
appears to me to be the process of healing 
in bacterial endocarditis treated with peni- 
cillin and then to interpret the sequence in 
terms of this particular case. In a typical 
example of subacute bacterial endocarditis, 
there is a vegetation on the valve, the vege- 
tation consisting anatomically of three parts. 
First, a central part which is necrotic, in- 
sofar as can be determined from looking at a 
microscopic section, next a layer of bacterial 
colonies and finally a thick layer of fibrin 
over the surface of the bacterial colonies, the 
layer of fibrin being approximately 500 to 
750 micra in thickness. Similar vegetations 
form in the left auricular wall in the region 
that Dr. Rambo pointed out as_ being 
thickened in this case. Such vegetations 
characteristically are extremely small, very 
superficial and consist largely of bacterial 
colonies and a layer of fibrin; the vegetations 
which form on the left auricular wall do 
not have the large central necrotic core. 
There is instead a very small amount of 
necrotic material and the vegetations at this 
site characteristically never reach a large 
size. The healing process, insofar as can be 
determined, is as follows: the fibrous tissue 
grows up from the side and obliterates the 
layer of bacterial colonies and the layer of 
fibrin, forming a mass of fibrous tissue over 
the central necrotic mass. In several cases 
treated with penicillin which I have seen at 
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autopsy and in others reported from other 
laboratories, the central mass has undergone 
calcification. ‘That is what Dr. Carl Moore 
had in mind when he pointed out that in the 
healing process of bacterial endocarditis, 
the valves may be further damaged to the 
point where the degree of valvular incom- 
petence is actually increased; indeed, that 
is what happened clinically in most of the 
patients that have been reported so far in 
the pathologic literature. 

When sections of the mitral valve of the 
patient under discussion were examined, 
there was only slight thickening and the 
thickening was uniform. The increase in 
size was caused partly by the thickening of 
the spongiosa on the auricular side of the 
valve and in part by the thickening of the 
fibrosa in the center of the valve. There was 
no significant change in the ventricularis on 
the ventricular side of the valve. The 
thickened valve did not show any swirling 
effects which are so frequently seen in the 
healing of both subacute bacterial endo- 
carditis and rheumatic fever. It was the sort 
of valve that one would have expected to 
see in an individual who had had rheumatic 
fever as a child and had lived for ten or 
twenty years but not for thirty or forty 
years. Usually in a patient who dies at the 
age of thirty-five or forty and who had 
rheumatic fever in his youth, there is more 
thickening and many other manifestations, 
such as swirling in the connective tissue 
within the valve, rather than a uniform 
thickening which is characteristic of the 
earlier stages of valvular damage in rheu- 
matic heart disease. I have no doubt, con- 
sidering the history and the anatomic 
changes seen here, that this patient had 
rheumatic fever. I have serious doubt, how- 
ever, that he had subacute bacterial endo- 
carditis involving either the mitral or aortic 
valves although it is possible that he did. I 
have seen one example of subacute bacterial 
endocarditis in which the healing process 
did not leave the characteristic swirling or 
other deformity of the valve. In that case, I 
had always considered that the explanation 
of the absence of other changes lay in the 
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fact that the patient’s endocarditis was due 
to a pneumococcus, an organism extremely 
sensitive to penicillin. Perhaps the organism 
in this case was likewise extremely sensitive 
so that the process was brought under rapid 
control and left very little evidence of 
valvular scarring. On the other hand, as I 
pointed out to you purposely, the vegetation 
from the left auricular wall is charac- 
teristically small and heals without a great 
deal of scarring. I therefore would postulate, 
on the basis of the history and findings, that 
this patient’s subacute bacterial endocardi- 
tis was confined to the left auricular wall; 
it was brought under control rapidly and 
thus a large vegetation on the mitral or 
aortic valve never developed. 

There are several other features which are 
highly characteristic of subacute bacterial 
endocarditis: (1) the presence of multiple 
small abscesses in the myocardium which 
are due actually to small infected infarcts; 
(2) larger infarcts in the spleen and kidneys 
and finally (3) as has been pointed out in the 
clinical discussion, focal embolic glomerulo- 
nephritis which is never seen except in con- 
nection with subacute bacterial endocarditis. 

Let us now consider the evidence in favor 
of the diagnosis of subacute bacterial endo- 
carditis in the present case. The first section 
(Fig. 1) is of the myocardium, showing a 
miliary infarct in which the muscle has 
been destroyed. There is a loose connective 
tissue remaining which is moderately well 
vascularized and some of the remaining 
myocardial fibers show advanced fatty 
degeneration. I doubt if this lesion goes back 
two years. It is more likely of several months’ 
duration. We were unable to find any 
lesions in the myocardium which could be 
identified as so-called Brach-Wachter bodies. 
In Figure 2, a section of kidney is seen; a 
few glomeruli have been destroyed and 
replaced by adhesions. I think the evidence 
favors the fact that this patient probably 
had focal emboli glomerulonephritis some- 
time before his death. Further, Dr. Rambo 
described an infarct in the spleen, a section 
showing dense fibrous tissue of the type 
which one would expect to see in ain infarct 
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Fic. 1. Section of the myocardium showing a miliary infarct. 


Fic. 2. Section of the kidney. Note that one glomerulus in this section has been destroyed. 
Fic. 3. Section of the spleen showing the changes of advanced chronic passive congestion. 
Fic. 4. Section of the liver again showing the changes of chronic passive congestion. 


two years old. Thus, from these sections we 
can gather some evidence to support a 
diagnosis of subacute bacterial endocarditis. 

The next two slides will illustrate the 
degree of chronic passive congestion. In 
Figure 3, a section of the spleen shows a 
characteristic glandular pattern with numer- 
ous large, dilated sinusoids lined by promi- 
nent cells, the so-called chronic spleen of 
advanced chronic passive congestion. In 
Figure 4, a section of the liver shows an 
advanced degree of chronic passive con- 
gestion. The regions have almost become 
confluent with the portal spaces isolated. 
The architectural pattern of the liver is 
reversed. This patient lost approximately 
one-half of his liver as a result of elevated 
venous pressure. In the sinusoids of the 
central regions there was also some pro- 
liferation of connective tissue. The lungs 
(Fig. 5) showed chronic passive congestion 


and other findings as well. Pneumonia, 
thickening of the alveolar walls, prolifera- 
tion of connective tissue and a fair amount 
of hemosiderin from chronic congestion can 
be seen. There is some suggestion of rheu- 
matic pneumonia although this diagnosis 
cannot definitely be made. In Figure 6, 
another illustration of the change of the 
lung is seen. 

A different section (Fig. 7) of the myo- 
cardium shows vacuolization of the fibers 
in the hematoxin-eosin preparation and a 
fat stain (Fig. 8) demonstrates that this 
patient had a considerable degree of fatty 
metamorphosis of the myocardial fibers. 

From these findings, it is clear that this 
patient had rheumatic heart disease and 
subacute bacterial endocarditis which prob- 
ably involved the left auricular wall but not 
the aortic or mitral valves. The bacterial 
infection had been brought completely 
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Fic. 5. Section of the lungs. The findings indicate both pneumonia and chronic passive congestion. 


Fic. 6. Another section of the lung showing similar changes. 
Fic. 7. Section of the myocardium showing vacuolization of the fibers. (H and E stain.) 


Fic. 8. Section of myocardium stained for fat. 


under control with a minimal amount of 
scarring. Then over a period of time, the 
heart failed and finally could not respond 
to treatment. No manifestations of acute 
rheumatic fever were noted. From an ana- 
tomic standpoint neither the mitral nor the 
aortic valves, were damaged enough to 
explain the degree of hypertrophy and dila- 
tation of the heart and it seems likely that 
at some earlier time, perhaps during the 
episode of subacute bacterial endocarditis, 
the patient suffered severe damage to the 
myocardium which caused the extensive 
dilatation and resulting hypertrophy. The 
patient finally succumbed, not of chronic 
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valvular disease, but because of myocardial 
disease per se. 

Anatomic Diagnoses: Chronic endocarditis 
of the mitral valve, moderate, and aortic 
valve, slight; (clinical history of rheumatic 
fever, sixteen years, and treatment of sub- 
acute bacterial endocarditis with penicillin 
following tooth extraction two years ago); 
hypertrophy and dilatation of the heart (675 
Gm.); hydropericardium (200 cc.); chronic 
passive congestion of the lungs, liver, kidneys 
and spleen; recent infarcts of the upper and 
lower lobes of the left lung; bronchial pneu- 
monia of the upper lobe of the left lung and 
upper and lower lobes of the right lung. 


Case Report 


Infectious Mononucleosis with Severe Central 


Nervous System Involvement 


WILLIAM W. FIELD, M.D. 
New York, New York 


ASES of infectious mononucleosis 
& exhibiting signs of central nervous 
system involvement have from time 

to time been reported in the literature. 
Bernstein in his comprehensive review of the 
disease says that central nervous system 
involvement is occasionally encountered 
and that when it is, “‘the commonest initial 
symptoms in this form of the disease are 
headache; signs of meningeal irritation and 
blurring of vision. In certain instances there 
have been convulsions, stupor and coma.” 

In the majority of these patients signs of 
meningeal irritation have outweighed other 
central nervous system findings. Many have 
reported headache, positive Brudzinski and 
Kernig signs and an increase in the total 
lymphocyte count in the spinal fluid. In 
1931, Epstein and Dameshek reported a case 
of a nineteen year old Russian-Jewish male 
who developed headache, blurring of vision 
and stupor. Lymphadenopathy and sple- 
nomegaly were present and lymphocytosis 
with atypical cells was reported. Subse- 
quently, the patient developed a positive 
Brudzinski sign. There was a moderate 
increase of cells in the spinal fluid. 

In 1941, Landes, Reich and. Perlow re- 
viewed the subject of central nervous system 
involvement in infectious mononucleosis and 
concluded that neurologic signs may be mul- 
tiple: headache, photophobia, nystagmus, 
poor articulation, nausea and vomiting and 
positive Kernig and Brudzinski signs. Spinal 
fluid findings may also vary, the pressure 
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may or may not be elevated. Pleocytosis 
may vary from 25 to 300 cells, the majority 
being lymphocytes. The spinal fluid protein 
may be increased as well as the globulin 
fraction. Their patient was admitted with 
headache, dizziness, vomiting and a stagger- 
ing gait. The blood smears were typical of 
infectious mononucleosis but the lym- 
phadenopathy and splenomegaly did not 
appear for three weeks after onset of the 
disease. Eleven days after onset the hetero- 
phil antibody test became positive, 1 to 
1,024. The total protein of the spinal fluid 
was elevated without cellular increase. 

In 1934, Hiller and Fox reported a case of 
infectious neuronitis complicating infectious 
mononucleosis. This patient developed lym- 
phadenopathy, splenomegaly, a heterophil 
antibody test positive to 1 to 125 and subse- 
quently, a motor paralysis of the lower 
extremities of an ascending type. The spinal 
fluid contained markedly elevated protein 
with no increase in the cell count. The 
authors believed that the entire picture 
could be explained on the basis of infectious 
mononucleosis complicated by the Guillain- 
Barré syndrome. 

The case presented here developed the 
clinical picture of infectious mononucleosis; 
the patient had typical blood smears and 
positive heterophil antibody tests. He de- 
veloped signs of severe central nervous sys- 
tem involvement with markedly elevated 
spinal fluid protein and only a modest in- 
crease in cells. 
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Infectious Mononucleosis—Field 


CASE REPORT 


A nineteen year old white, male soldier was 
admitted to the medical service on March_30, 
1946, with complaints of weakness and a slight 
headache beginning two days before entry. The 
night before admission the patient became dizzy 
when walking to the latrine and almost fainted. 
Examination upon admission revealed a well 
developed young male with no positive physical 
findings other than a mild follicular tonsillitis 
and an enlarged cervical lymph gland at the 
angle of the mandible on the right side. 

The second day after admission the patient 
got up to shave and was seen to stagger. Sud- 
denly he fell to the floor, making wide purpose- 
less movements of his limbs. When seen by a 
medical officer ten minutes later he was unre- 
sponsive, making aimless motions with his 
limbs. Blood ran from a corner of his mouth. 
Urinary and fecal incontinence were present. 
The pupils were widely dilated and failed to 
respond to light. Discs were normal, no nuchal 
rigidity was found. All reflexes were hyperactive 
and bilateral ankle clonus was noted. No Bab- 
inski reflex was elicited. Blood pressure was 
112/?, temperature 101°F., respiration was not 
labored and the pulse was rapid but of good 
quality. He showed poor response to sedation 
and a lumbar puncture was performed under the 
most trying conditions. The spinal fluid was 
clear and did not appear to be under increased 
pressure but accurate pressure readings could 
not be obtained because the patient was thrash- 
ing around so violently. Immediately after the 
seizure, blood was drawn for analysis and re- 
vealed blood sugar 100 mg. per cent and blood 
calcium 11.3 mg. per cent. Examination of the 
spinal fluid (Table m1), revealed no increase in 
the cell count but markedly elevated total pro- 
tein, 340 mg. per cent, moderately elevated 
sugar, 93 mg. per cent and chlorides, 800 mg. 
per cent. Culture of the spinal fluid was subse- 
quently reported negative. At this time the 
diagnoses considered were: epilepsy, intra- 
cranial hemorrhage, intracranial tumor, and 
in view of the albuminocytologic dissociation, 
Guillain-Barré syndrome although it was un- 
likely in view of the rapid onset with convulsions. 

The following morning the patient’s tem- 
perature went to 103.6°Fr., and he showed 
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marked nuchal rigidity and positive Brud- 
zinski’s and Kernig signs. He was still comatose 
and restless; his reflexes remained unchanged. 
At this point the diagnosis was encephalitis, 
cause unknown and he was transferred to the 
contagious service. The white blood count was 


TABLE I 
WHITE BLOOD COUNT 
Polymorphonuclears. .... 40% - 32% 57% 
Lymphocytes........... 60% 2 68% 43% 
Morphology............ many atypical | many atypical | normal 
lymphocytes lymphocytes 


reported as 18,000, polymorphonuclears 40 per 
cent and lymphocytes 60 per cent. (Table 1.) 
The differential smear showed many atypical 
lymphocytes, a large number having deeply 
basophilic cytoplasm, vacuolated with a foamy 
appearance. Many cells were fragmented. The 
nuclei were round, oval or indented, staining 


TABLE 
HETEROPHIL ANTIBODY TESTS 

Date Dilution 
April 3. . . 1-1792 


deeply and occasionally fenestrated. On the 
strength of the presence of these atypical forms, 
a heterophil antibody test was done and the 
following day reported positive through 1 to 
1,792 dilution. (Table um.) Lumbar puncture 
this day revealed 96 cells (62 lymphocytes, 34 
polymorphonuclears), total protein 320 mg. 
per cent, a negative culture and a negative 
spinal fluid Wassermann. 

On April 4th, the patient, still remaining 
comatose, restless and unresponsive, developed 
a right hemiplegia with paralysis of the right 
face of the peripheral type. Conjugate deviation 
of the eyes to the left was noted. Nystagmus was 
present with the quick component to the left. 
Reflexes on the right side became markedly 
hyperactive, a Babinski’s sign appeared as well 
as a suggestive Hoffman’s sign. Reflexes on the 
left side were sluggish. A grasp reflex was 
present in the left hand and strength remained 
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good on the whole left side of the body. A 
homonymous hemianopia was present on the 
right side and sensation was definitely dimin- 
ished on the right, or paralyzed side of the body. 
Speech was incoherent and represented a motor 
aphasia. 


Infectious Mononucleosis—Field 


constantly been to the right. Periods of apnea 
developed and became more marked and 
prolonged. 

April 8th, marked the peak in the course of 
the disease. Upon examination the eyes were 
now seen to deviate to the right; the right 


TABLE I 

CEREBROSPINAL FLUID ANALYSES 
April 1 April 3 April 6 April 8 April 15 April 30 
er clear clear clear clear clear clear 
normal 96 (162, P34) | 9 lymphs | 248 (1230, P 18) normal normal 
340 mg. % | 320mg. % | 240 mg. % 216 mg. % 163 mg. % | 39 mg. % 
See re 93 mg. % 77 mg. % 60 mg. % 54 mg. % 
eer: 800 mg. % 600 mg. % 600 mg. % 660 mg. % 
negative negative negative 
negative 


By April 6th, the patient was more quiet 
and the purposeless movements were fewer, but 
the aphasia and hemiplegia remained un- 
changed. A Kahn test was reported negative. 
Lumbar puncture was repeated this day and 
normal pressure readings were obtained. Initial 
pressure 165 mm. of water. Spinal fluid findings 
were: Clear fluid, 9 cells (all lymphocytes) and 
total protein 240 mg. per cent. The white blood 
count was 11,500, lymphocytes 68 per cent, 
polymorphonuclears 32 per cent and it again 
showed many atypical forms. 

At midnight on April 7th, the patient sud- 
denly went into a convulsion; there were clonic 
movements of all the limbs and twitchings of 
the facial musculature. Breathing became 
stertorous and rapid and he vomited large 
amounts of brownish fluid. Some of the vomitus 
was aspirated and suction via nasal catheter was 
carried out immediately. Respirations remained 
noisy and trismus was marked. Three hours 
later the patient convulsed again. Jacksonian 
movements of the jaw and facial muscles pre- 
dominated. During this time he was incontinent 
and the pulse varied widely from 48 to 128 per 
minute. At 0500 hours the next morning respira- 
tions became Cheyne-Stokes in type. It was 
noted that at this time during the convulsions 
the ocular deviation was to the left, whereas 
for the preceding days of illness deviation had 


homonymous hemianopia was still present. In 
addition to the right hemiplegia, the left side 
was now paralyzed and reflexes on the left had 
now become hyperactive. However, no Babinski 
reflex was elicited on the left. The aphasia re- 
mained pronounced. The periods of apnea in 
Cheyne-Stokes respiration were alarming, coma 
seemed more profound than at any previous 
time and recovery appeared doubtful. 
Thereafter, the patient began to improve. 
The fever which had previously run 100° to 
103°r. fell gradually to reach normal on April 
11th. Pulse and respirations levelled off. By 
April 10th, response to painful stimuli was 
definite on the right side and the left arm moved 
impulsively. On April 11th, the eyes were mov- 
ing freely in all directions with no dissociation 
and vision was apparently returning to the right 
eye. Speech remained affected and only a few 
words could be made out. On April 15th, the 
patient got out of bed unassisted. On the same 
day the heterophil antibody test had fallen to 
1 to 225 and in the blood smear the normal 
ratio of polymorphonuclears to lymphocytes had 
returned. Two nights later and for several nights 
to follow, he apparently had _ hallucinations 
while asleep, crying out and seeing objects run 
across the ceiling. By April 22nd, these had 
disappeared and a slight speech impediment, 
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in addition to memory defects, were all that 
remained. 

Examination on May 14th, revealed no 
positive physical findings and the neurologic 
examination was negative. All laboratory tests 
had returned to normal. The boy had some 
difficulty recalling parts of his army career and 
he tired readily; otherwise, he felt well. On 
May 26th, the patient was discharged from the 
hospital on convalescent furlough. 

In this patient the onset of the central nervous 
system involvement followed within two days 
the development of tonsillitis and lymphadeno- 
pathy. Two days following this the heterophil 
antibody test was strongly positive, blood smears 
were typical and the spinal fluid protein was 
markedly elevated. The almost simultaneous 
onset of these symptoms and signs would seem 
to indicate that only one disease was present 
and that the disease was capable of protean 
manifestations. In view of the history, the 
clinical findings and the blood picture it is 
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logical to explain all the manifestations as due to 
infectious mononucleosis. 


SUMMARY 


A case is presented of infectious mononu- 
cleosis with severe central nervous system 
involvement as evidenced by transitory 
paralyses, right homonymous hemianopia 
and marked rise in spinal fluid protein. 
Subsequently, all clinical signs and labora- 
tory data returned to normal. 
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Book Review 


An Integrated Practice of Medicine. By Harold 
Thomas Hyman, m.p. Volumes 1, 1, m1 and tv and Index. 
Pp. 4,131, with 1,184 illustrations, 305 in color. Phila- 
delphia, 1947. W. B. Saunders Company. Price $50.00 
per set. 

Integrated Practice of Medicine”’ is 
an effort to present in four volumes a com- 
plete textbook for the general practitioner. 
Omitting only elective major surgery, in the 
words of the author it ‘‘supplements the 
material of internal medicine with authori- 
tative text devoted to the clinical subjects 
of Infection, Tropical Medicine, Allergy, 
Metabolic Disorders, Poisonings, ‘Toxicol- 
ogy, Neoplastic Disease, Cardiology, Hema- 
tology, Endocrinology, Psychiatry, Neu- 
rology, Ophthalmology, Dentistry, Dental 
Surgery, Gastro-Enterology, Proctology, 
Otology, Rhinolaryngology, Urology, Gyne- 
cology, Obstetrics, Pediatrics, Orthopedics, 
Dermatology, Minor Surgery, Anesthe- 
siology, Emergency Surgery, Convalescence 
and Rehabilitation. It includes brief but 
complete and accurate surveys of the pre- 
clinical sciences of Anatomy, Serology, 
Immunology and Physiological Chemistry, 
as well as meticulous details of the practical 
clinical disciplines of Physical Diagnosis, 
Laboratory Methods, Clinical Pathology, 
Pathologic Physiology, Electrocardiography, 
Dietetics, Radiology, Prognosis, Pharma- 
cology and Therapeutics.” 

Obviously, to attempt to place so much 
material within the confines of approxi- 
mately four thousand pages is an ambitious 
undertaking. It is noteworthy that the 
author and his various specialist associate 
editors have been able to accomplish their 
purpose so well. From the viewpoint of the 
general practitioner requiring brief dis- 
cussions often seasoned with the author’s 
advice, or wishing to refresh his memory 
quickly on a wide variety of topics, this 
book should be of great value. On the other 


hand, it should be emphasized that this is no 
reference work and is in no way comparable 
to one of the authoritative systems of 
medicine. 

The work is divided into twenty-five 
sections, each of which covers some general 
field, such as infection, allergy, pediatrics 
or the respiratory system, and many of 
which have been written with the aid of a 
more specialized associate editor. Each 
section is then broken down into chapters 
discussing in turn specific topics. When 
possible the presentation follows the pattern: 
etiology, epidemiology, pathology, clinical 
manifestations, course, diagnosis, complica- 
tions, prognosis, active treatment, preventive 
treatment and occasional special leads, 
e.g., in rheumatic fever, marriage and preg- 
nancy, and surgery in cases of rheumatism. 

The composition is exceptionally read- 
able, ordinarily factual even if sometimes 
commonplace, and given to practical detail; 
it is scattered with the author’s opinions, 
and considerably helped by frequent cross 
references. Some 319 tables of differential 
diagnosis are included. It may be noted that 
brevity of presentation frequently inter- 
feres with completeness but on the whole an 
amazing amount of practical though gen- 
eral information is given. Each volume 
contains its individual index and in addition 
a separate full index volume aids in the 
quick location of topics. The test is studded 
with really first class illustrations. The vol- 
umes are well bound and printed and are 
not so large or heavy as to be unwieldy. A 
selected bibliography for physicians resident 
in small towns or cities without library 
facilities is given. 

For the general practitioner, for whom 
this work is primarily intended, the author 
and his colleagues have done an excellent 
job. F. K. H. 
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